This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



per 

INTERNATION^^fcpPLICA' 

at cla ssif icatioii 



(SI) International Pa tat 
C12Q 1/68, BOIL 3/14 
C08L 91/Ofi, B29C 59/10 
C08J7/04 



jnTHHTSl 

WORLD INTBliEC^J^^)PEMY ORGANIZATION ^ffijy 
PLICATION PUBLISHED UNDER THE PATT^^OOPERATION TREATY (PCT) 



Al 



(11) International PnUkation Number: 
(43) hternstional Publication Date: 



WO 91/12342 
22 August 1991 (22.08.91) 



(21) Iiternatiooil Application Nmnber: PCT/US9I/01039 

(22) Intenatfootl Filing Date: 15 February 1991 (15.02*91) 

(30) Priority data: 

481401 IS February 1990 (16.02.90) US 

(GO) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



481.501 (CIP) 
16 February 1990 (16.0Z90) 

(71) Applicant (for all designated States except US): CETUS 
CORPORATION [US/US]; 1400 l^-Third Street, 
Emeryville, CA 94608 (US). 



(72)I|nne«tan;and 

(for US only) : BLOCH, Will [US/ 
U$]; 421 liberty Street, #1, El Cerrito. CA 94530 (US). 
RAYMOND, Jonathan [US/US]; 3543 Robinson Drive, 
CA 94602 (US). READ, Alan, R. [US/US]; 
575 E. Remington Drive, #A, Sunnyvale, CA 94087 
(US). 

(74)Ag«t: RASTER, Kevin, R.; Cerus Corporation, 1400 
Frfty-Tnmd Street, Emeryville, CA 94608 (US). 

(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent), DK (European patent), ES (European pa- 
tent), FR (European patent), GB (European patent), GR 
(European patent), IT (European patent), JP, LU (Euro- 
pean patent), NL (European patent), SE (European pa- 



With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt <tf 



(S4)TOle: IMPROVEMENTS IN THE SPECIFICITY AND CONVENIENCE OF THE POLYMERASE CHAIN REAC- 
(57) Abstract 

Improvements to the polymerase chain reaction (PCR), a process for invito enzymatic amplification of specific nucleic 
T ** * ^** c ™* ** TCR reagents are mixed ar^enzymiic reaction islSeS 2d by 

mercplaoementof imneral oil, commonly used as a vapor berrkrto rniniinize defveo t evaporation, by a grease or mBe^ of 

zymauc generation of nonspecific products which occurs whfla a compleminiSure of PCR reagents, with or without teZsample. 
stends at room temperature or below. These mixtures iiuMfte shelf-life of PCR reagents andh^ease px^Tn TihtS^ 
atory environment against contamination by PCR product ™*>™»e protection oi ine moor- 




4 



i 







FOR THE PURPOSES OF INFORMATION ONLY 




Codes used to identify States party to the PCT on the front nag 
applications under the PCT. 


jes of pamphlets publishing international 


AT 


Austria 


ES 


Spain 


MC 




AU 


Australia 




Finland 


ML 


Mali 

Mongolia 


BS 




re 


France 


MN 


BE 


Belgium 


GA 


Gabon 


MR 


MaurUania 


ar 


Burt tea Faso 


GB 


Halted Kingdom 


MW 


Malawi 


BG 


Bulgaria 


CM 


Guinea 


NL 


Netherlands 


BJ 


Benin 


CR 


Greece 


NO 


Norway 
Poland 




Brazil 


HU 


Hungary 


PL 


CA 




IT 


Italy 


RO 


Romania 


CP 


Central African Republic 


JP 


Japan 


SD 


Sudan 


OC 




KP 


Democratic People's Republic 


SB 


Sweden 


€H 


Switzerland 




or Korea 


SH 




a 


Ootodlvoiru 


KB 


Republic or Korea 


SU 


Soviet Union 
Chad 


CM 


Qunecoon 


U 


TO 


cs 


Chechoslovakia 


LK 


Sri Lanka 


TC 


Togo 


DB 


Germany 


Ul 




US 


United States of America 


DK 


Denmark 


MC 







WO 91/12342 ^ PCT/US91/01039 

IMPROVEMENTS IN THE SPECIFICITY AND CONVENIENCE 
OF THE POLYMERASE CHAIN REACTION 

The present invention describe? novel compositions end methods for 
5 simplifying and improving the spetifj^ 

for amplifying specific nucleic aqd sequences which finds broad use in the fields of 
genetics, molecular biology, ceHnlar ^jiology, analytical biochemistry, clinical 
chemistry, and forensic science. 

BadtBfawd flC Invenrirwi 

10 The polymerase chain reaction (PCR) is a cfrqjjnjeal method of increasing by 

many orders of m a gnitude the conee ntt arion of a specific nucleic add sequence in a test 
sample. The PCR process is disclosed in U.S. Patent Nos. 4,683,195; 4,683,202; and 
4,965,188, incoroorated herein by inference, . 

In PGR, a test sample believe^to contain One or more targeted nucleic acid 

15 sequences is combined in a total volume of usually about 20-200 ul with the foUowing 
reagents: an aqueous buffer, pH 8-9 at room tenn^ture, usually also containing 
approximately 0.05 M KCU all four common mrffioffidr triphosphates (e.g., for DNA 
polymerase, the four common dNTPs; dATP,dTTJP # ^CTP,anddGTP)at 
concentrations of approximately 10r?M- i(V3 M; p magnesium cftm p nqmt, usu all y 

20 MgCb, usually at a conce ntratio n of about 1 to 5 guV^a polynucleotide polymerase, 
preferably a thermostable DNA polymerase, most preferably the DNA polymerase I 
from Jhexmufi ajmaticjafi daft polymerase, subject ojf U.S. Patent No. 4,889,81 8, 
incorporated herein by reference), uqurily M a cdneparaiion of 10-10 to 10* M; and 



single- stranded oligonucleotide prints, usually 1 5 to 30 nucleotides long and usually 
25 composed of deoxyrflxmucleotides, containing b&se sequences which are Watson-Crick 
complementary to sequenoes on both strands of tie target nucleic acid sequence(s). 
Each primer usually is present at* qeipmration of 1 0- 7 to 1 0^ M; prinyrs are 
synthesized by solidrphase methc^dj yftU known in the art of nucleic acid chemistry. 
In the simplest forn^PCI^^^ 
30 These primers, what annealed to ^opposing ,1^^* strands, have their 3' ends 

directed toward one another's hylpa%ti<^ sitB$ an^- separated by about 1 00 to 1 ,000 
nucleotides (occasionally up taafcsiid^ The polymerase catalyzes 

magnesium-dqpendentt template-dmCracd e*fen$ifln qf each primer from the 3 f end of 
the primer, incorporating nucleoside monophosphates into die growing nucleic acid and 
35 releasing pyrophosphate. ^\ 
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This extension reaction continues until the polymerase readies the 5' end of the 
template strand to which the extended primer was annealed, at which point the 
polymerase is free to hind to another primer-template duplex and catalyze extension of 
that primer molecule; the extensk^ heated 
5 to temperatures sufficient to separate the template from the extended primer before the 
enzyme has reached the 5' end of the template. After the enzyme has worked long 
enough to transform a large fraction of the primer-template duplexes into double- 
stranded nucleic acid, the latter can be denatured at high temperature, usually 90 to 
100'G, to create two single-stranded polynucleotides, which, after cooling to a 

lo temperature where they can be annealed to new primer molecules, serve as templates 
foranother round of enzymw^yzediHin»extenskMi Because both DNA strands 
serve as template, each round of nucleic arid replication approximately doubles the 
concentration of the specific nucleic acid sequence defined at its ends by the two primer 
sequences. Therefore, ^ total cxmcentration increasein the target nucleic acid 

■13 sequence in a PCR amplification is by a factor of app r oxim ately 20, where n is the 

number of completed thermal cycles between a high temperature where double-stranded 
DNA is denatured and a lower temperature or set of temperatures (40 to 75'C) where 
primer-template annealing and primer extension occur. 

Although one can move PCR reaction tubes manually back and forth between 

20 thennostated baths in the two temperature ranges, PCR most commonly is performed in 
an automated temperature-controlled machine, known as a "thermal cycler," in which a 
microprocessor is programmed to change the temperature of a heat-exchange block ot 
bath containing reaction tubes back and forth among several specified temperatures for 
a specified number of cycles, holding at each temperature for a specified time, iisuaDy 

25 cm the order of one-half to two minutes. Such a thermal cycler is commercially 

available fromPeridn Elmer Cetus Instruments. The total cycle time is usually less than 
10 minutes, and the total number of cycles is usually less than 40, so that a single, 
multi-cycle amplification, amplifying die targeted nucleic acid sequence 1 0 5 to 1 0 1 0 
times, normally takes less than seven hours and often less than four hours. 

30 The practical benefits of PCR nucleic arid amplification have been rapidly 

appreciated in the fields of genetics, molecular biology, cellular biology, clinical 
chemistry, forensic science, and analytical biochemistry, as described in the following 
review volumes and articles: Eriich (ed), 1989, PCR Technology . Stockton Press 
(New York); Eriich fit gl. (eds.)» 1989, Polymerase ChRin Reaction Gold Spring 

35 Harbor Press (Cold Spring Harbor, New York); Innisflgl, 1990, PCR Protocols. 
Arademic Press (New Yoric); and White fii^, 1989, JJ^iafitencties 5^:185-189. 
PCR can replace a large fraction of molecular cloning and mutagenesis operations 
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commonly performed in bacteria, having adv&nfbges &f speed, simplicity, lower cost, 
and sometime increased safety, Purt^ermorc, PC&pcanits the rapid and Mghly 
sensitive qualitative and even quantitajhte analysts of nucleic acid sequences, often with 
greatly increased safety because so much PCR product is made that nonisotopic 
5 detection modes suffice. 

Despite rapid and hraadadop 
disciplines, PGR still possesses several practical limitations that must be overcome far 
full re alization of the analytical and^thcticpoteai^of dieproc^ Some of these 
limitations are discussed in torn, below. 

10 Many amplifications yieUira 

sequence from the soqneacetarge^ by theprim^ is 
caused by mis-priming, where primdtf have been annealed to non-target sequences, 
also present in the nucleic-acid erf th^ test sample sft"ftr r trvth^ fa^gft swpigncr 
Although the genomic DNA commonty contained in f*CR test samples has customarily 

15 been thought to be wmplerf 

a mpl i f icati on appear to render that DNA, to a large extent, single-stranded Single- 
stranded DNA is especially suscepfirio to mifri>riimngif mixed with acomplete set of 
PCR reagents at ambient or sub-ambient temperatures. Many PCR reactions also yield 
primer dimers or oligomers, double-stranded 

20 severalprinwmote^ 

with the yield erf amplified target sequence. TaiWtCC^iw^ 
total number of initial target seqnencesisless thm 

primer dimerization and misprinting, which reduce specific product yield, yield 

precision, and amplification specified < 
25 Ibe high amplification fectv^ 

process especially vulnerable to bact c ow t ainiftai^ Avfaere amplified target fium one 

rea ct i on is accidentally transferred into * as^^f^ Lf reaction vi^ n g ihf 3**"c p niwr c 

and gives a false-positive result in the tater reaction. 

In principle, PCR could be p^tformed several times faster than current practice 
3Q allows, being rate limited in part by tfcr speed of temperature change riming thermal 

cycling. Oinicaldfegnosticapp^ 

amplification times of 30 to 60 mmotes instead of; several tours. 

Lower PCR costs and inoes^ 
reagents could be mixed in laigabaida^aliqnoted into the small reaction tubes 
35 (usuaUy one-half ml te^ 

between preparation and use wittoattpss ofi 
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The heretofore stand ard PCR art has called for covering the aqueous reaction 
mixture with 50 to 100 nl of mineral oil to prevent solvent evaporation during the 
several hours of heating. The mineral ofl overlay introduces several practical problems: 
(a) mineral oil contamination of reaction mixture samples withdrawn for post-PCR 
5 analysis, often requiring extraction with hazardous water-immiscible organic solvents 
to avoid interference with post-PCR processing; (b) a retardation of thermal 
equilibration during thermal cycling Oxcause of the significant heat capacity of the oil 
layer) t increasing the total cycle time; and (c) occasional introduction from some 
batches of mineral oil of impurities which appear to inhibit PCR, necessitating rigorous 

10 quaKty control of mineral oil. 

The present invention significantly mitigates the limitations of PCR discussed 
above, by several surprisingly simple modifications of PCR practice and materials. 
Because primer dimer and oligomer formation can occur whenever all erf the PCR 
reagents ate mixed, even at ambient and sub-ambient temperatures in die absence of 

25 thermal cycling and in the absence of target DNA, segregation of at least one reagent 
from the others in a way such that all reagents do notcome together before the first 
amplification cycle can reduce primer oKgomerization and, in doing so, can greatly 
extend the shelf-life of the incomplete reagent mixture without greatly complicating final 
reaction set-up. Such segregation also can minimize mis-priming during the pooriy 

2Q controlled interval over which PCR reagents and test sample customarily are mixed and 
stored at ambient or subambient temperatures before the start of thermal cycling, 
especially if segregated reagents and test sample arc introdoced into the PCR reaction 
tube with minimal mixing. 

Several chemical properties of magnesium confer special advantage to 

25 segregating the magnesium compound from the other PCR reagents (as opposed to 
segregating enzyme, primers, or dNTPs) when setting up a PCR amplification. Fatty 
acid salts of magnesium are potentially soluble in pa, grease, or wax, yet also 
potentially water extractable when the organic layer is contacted with the hot aqueous 
reagents during PCR. That way reagent segregation and reaction tube preparation can 

30 besh^Kfiedb^ 

preparation of a separate aqueous reagent winch must be added Bang inorganic, 
magnesium salts need not be prepared and stored with special precautions against 
microbial contamination, a common problem with mixtures containing nucleoside 
triphosphates, enzyme, or primers. The phosphatases and phosphodiesterases which 

35 degrade nucleoside triphosphates and prim^ often are magnesium-requiring, so that 
storage of the biological reagents without magnesium (possibly also with a trace of 
chelator to bind any small amount of magnesium present) improves shelf life and 
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resistance to contamination by enzymes or by microbes which secrete tfac enzymes. 
Segregation of any potassium salt with the magnesimn compound and away fiom the 
protein and nucleic acid also improves resistance to microbial consumption of reagents, 
because potassium ion also is needed tor cell growth. 
5 The present inventim previa^ an especiaJhyefi^ 

segregation by providing means to replace the mineral oil overlay with a layer of grease 
or wax, the solidity of which at room temperature or bdow creates a bo 
mixing of aqueous reagents segregated above and below the grease or wax layer. 
Thermal cycling turns the solid barrier into a hgbter- than- water liquid of low viscosity, 

10 which is displaced by an aqueous layer above; the upper aqueous layer contains all 
PCR reagents not present in the lower aqueous layer. Consequently, reagents 
ineviously segregated mix to create acxmniletenaction witt tbchelpof the 
considerable thermal convection which accompanies heating of the reaction tube. The 
melted grease or wax creates a vapor banier to minimize solvent evaporation during 

15 thermal cycling and, upon cooling after arnplification is complete, re-forms a solid 
bairier which, aiirong other umi^ 

envhtmmem when reaction tubes are opened, thereby reducing the likelihood of back- 
c ont a mtnaring later reactions. 

A photo-stcrOizatioa process to prevent back-contaminatian has been developed 
20 arid iirvorves foe irraduriOT 

PCR product in a way winch permits post-PCR analysis but prevents use of that 
product as a template msubscqoemampffi However, the psoralen and 

isopsoralenphotoreagent^ 

to inhibit PCR. Furthennore, ihemagnesramionicm 

25 the affinity of photoreagent far double-stranded nucleic acid (Hyde and Hearst, 1978, 
Biochcmifirfy 12:1251-1257), thereby reducing photoreagent efficiency or increasing 
gready the photoreactant concentration required for practical photo-sterilization. The 
replacement of rnineral oil with grease or wax, as provided by the present invention, 
permits a practical naochficaticBrf 

30 interference of n^ieagmtwto 

increase photareaction efficiency. Ate amplication in the absence of photoreagent 
and after re-sohmfication of the greare or wax, u« reaction tabe can be 
fear of contaminating the errvironment with PCR product An aqueous solution of 
photoreagent and a chelating reagent v*fch binds magnesium can be placed on top of 

35 the grease ox wax. Qc^of thembe ahdas 

or wax allows mixing of photoreagent and chelator with PGR product; this mixture is 
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now ready for optimal photo- sterilization, as the chelation of magnesium ion allows 
tighthiiKfiDgofphotOTeagcmtonnddcackL 

After PGR amplification, common practice is to detect amplified nucleic acid by 
reacting the amplified nucleic acid with a reagent that carries an analytical signal 
5 generator era reagent that fca^ 

components of the PCR reaction mixture. Such reagents are designed to bind very 
tightly to amplified nucleic acid, either because they include oligonucleotides with 
sequences complementary to part of the target sequence (nucleic acid probes) or 
because they bind to molecules, such as fluorescein and triotin, which are conveniently 

10 attached to primers or the nucleoside triphosphates incorporated into PGR product 

Signal-generating substances that might be included in such detection reagents comprise 
radioisotopes, fluorophores, chemHuminescent moieties, dcctrochemiluininescent 
catalysts, and catalysts in general, such as enzymes. Separation-promoting substances 
comprise antibodies, avidin, streptavidin, triotin, high-affinity haptens like fluorescein, 

15 magnetic particles, denser-than-water particles, latices capable of agglutination, and 
adsorbents capable of binding to either single-stranded or double-stranded DNA or to 
specific nucleic acid sequences- 
Such detection reagents often arc incompatible with PCR amplification, either 
because, like most proteins, they are inactivated by the prolonged heating in PCR or 

2o because, like most separation-promoting substances, they might inhibit PCR by 
removing reagents from solution. Therefore, it is generally beneficial to add PCR 
product detection reagents after amplification has been completed or almost completed* 
As in the case of photosterilization, die present invention allows such late addition to 
the PCR reaction tube to occur with minimal risk of contaminating the laboratory with 

25 amplified nucleic acid, because PCR grease or 

wax. 

Still another situation in which late addition to a PCR reaction is desirable 
concerns "nested primers," wherein PCR specificity is enhanced by following an initial 
amplification with an amplification using primers complementary to sequences not 

30 present in the original primers or primer-complementary regions but amplified by 
extension of the original primers. The present invention allows late addition of the 
internal primer pair of a nested primer system with much reduced concern about 
contaminating the laboratory en vir onment with amplified nucleic acid After such 
addition, only one or a few amplification cycles are needed to generate enough of the 

35 shorter PCR product to detect 

Many other situations exist in which late addition of a substance to a PCR 
amplification has beneficial effects on PCR sensitivity, specificity, convenience, and 
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product analysis. In every case* the patient invention advances die art by allowing that 
addition to ocean (a) under conditions where airipK^ nucleic acid is sequestered; 
and/or (b) at elevated temperature. 

Smmag c£ the toygntwn 

5 In a first aspect, the invention is a method of increasing the specificity of PCR 

amplification and of increasing the shdtf Hfe of pie-mixed PCR reagents, wherein PCR 
reagents (excluding die test sample costeming the tprgst DMA) are fonnulated as at least 
two non-ovcriapping subsets which can be stored for krag periods of time (many 
months) without reaction or degradation, being brought together in a PCR reaction tube 

10 with minimal mixing shortly before (wfehin a half hour Of) thermal cycling. As 

described more fully below, tins segregation can be achieved by (1) placing all but one 
(or more) essential PCR component inone container and the other essential 
conqxment(s) in another container; (2) by placing afi essential PCR reagents in a single 
container but having one or more essential reagents sequestered from the other essential 

15 reagents. This latter sequestration can bc achicvedbymcxdy placing a barrier, such as 
a wax layer, between the reagent mixtures or by embedding one or more essential 
reagents in a matrix or gel, such as an agarose or acryiamide gel or even a liposome. 

In a prefened emb oriimrflir , all teagentg excepts m»giwci»wn compoun d are 
mixed in advance of amplification, and the complete reaction mixture is prepay 

20 way which minimizes nrixfiig of the m a gn e sium oonEgound with the remaining reagents 
until the fim amplification cycle istegnn. Specifically, tins cmbodimmt comprises the 
layering of liquid solutions nt gnq^qyiT^g «f rhft mngm^ritmi nomprmnd, the 
magnesium-free reagents, and the test sample in the reaction tube, preferably in a way 
such that the test sample or a layer of solvent lies between the two reagemfiDmulations. 

25 Preferably any potassium salt included in the PCR reaction mixture is formulated with 
the magnesium compound, not with the other reagents. 

In a second aspect, the invention comprises compositions and methods which 
simplify the segregation of any subset <bf PCR reegems from the complementary 
subset, wherein each subset is formulated in an aqueous suspension or solution and a 

30 layer of grease or wax is placed betw^ The 
grease or wax melts into a lighter-thaitfwater li^uittof low viscosity during the first 
amplification cycle, whereupon mutual displacanrat of the melted grease or wax and 
the aqueous layer above it and conveotfve mixing of the now united aqueous reagents 

^^toT^^cu Ihe inventor ' em^ositi andmethods Inch 
simplify the segregation of any subset of PCR reag en& fiuui tiie complementary 
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subset, wherein one subset is incorporated into a lighter-than- water oil, grease, or wax 
which is layered on top of any aqueous suspension or solution of another subset 
Heating during the first amplification cycle melts any grease or wax into a liquid, and 
heating of the aqueous layer results in extraction 
5 Hghtcr-than-water overiayer into the aqueous layer, convective mixing of the now 
united reagents permits amplification. One specific embodiment of tins aspect of the 
invention consists of an emulsion of an aqueous solution or suspension of a subset of 
PGR reagents in the oil, grease, or wax. Another embodiment is a solution of the 
subset of PCX reagents in the oil, grease, or wax. Specifically preferred PCR reagent 

10 fbmmlations for dissolution in the oil, grease, or wax are magnesium fatty acid saits, 
and trialkylammonium salts erf the nucleoside triphosphates and of the primers. 

In a fourth aspect, the invention comprises compositions which improve the 
function of the second aspect of the invention by changing the physical properties of the 
grease or wax. Specific embodiments comprise: (1) a solution of surfactant in the 

15 grease or wax; (2) a solution of surfactant in the aqueous layer below the grease or 
wax; (3) an amplification container, the inner surface of which is hydrophilic; (4) a 
suspension erf plastic particles in the grease or wax; and (5) a layer of plastic mesh 
suspended in the grease or wax. Preferred amplification containers with hydrophilic 
surfaces are plastic tubes which have been (a) coated with a surfactant, (b) plasma 

20 etched in an oxidizing environment, (c) treated with a strongly oxidizing liquid, or (d) 
cast from a resin melt to which surfactant has been added. 

In a fifth aspect, the invention cot npri ses any container for performing an 
aqueous chemical reaction which consists of a vessel and an amount of a wax sufficient 
to cover completely the exposed surface of the aqueous content 

25 the inner surface of die vessel is hydrophilic or the wax has been mixed with a nonionic 
surfactant 

In a sixth aspect, the invention comprises kits fig PCR amplification of nucleic 
acids. These kits comprise the novel formulations of the PCR compositions of the 
present invention and can also comprise instructk>ns for canying out PGR with the 
30 compositions of die invention. 

Detailed Description of the Invention 
The first four aspects of the invention irqirove the specificity of PCR 
a mpl i fi c atio n by preventing any catalytic reaction of nucleic add polymerase with other 
reagents until die first amplification cycle. In particular, the formation of PCR side 
35 products known as primer oligomers, a reaction which occurs even at room temperature 
and below in die absence of nucleic acid template, is greatly reduced Also disfavored 
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is the mis- primed amplification of nonspecific targets when the test sample contains 
single-stranded DNA. Amplification of target PCR products crften is increased and 
rend^ed more reproducible when side products arc suppressed The increased reaction 
specificity resulting from the invention often results in substantially pure amplified 
5 target sequence, greatly simplifying FCR product analysis and quantitation. Far 
example, PCR product can be identified confidently on the basis of electropharetic or 
chromatographic migration rate without resorting to slow, laborious, relatively 
nnq na m i t at iv e detection modes Kke nodes acid probing. In particular, fast and highly 
automated HPLC analysis of PCR imrfuct now is practical. 

10 The first four aspects of the invention also simplify tbc bulk manufacture of 

ready-to-use PCR reagent f onnulationg with shelf lives on the time scale of a week or 
more. Prenrixturc of all reagents generally results in a shelf life of no more than a few 
days, apparently because of side reactions such as primer oligomer formulation, which 
occur at room temperature or below in the absence of template nucleic acid As soon as 

15 at least one reagent is segregated from the others until the first amplification cycle, these 
side reactions cannot occur. Bulk manufacture of ready-to-use reagent formulations 
increases the speed, convenience, and reliability of PCR by relieving the user erf the 
Med to make careful mixtures of reagents at time of use. Often, timc-of-use 
formulation entails mixing of small volumes and the preparation of just a few reaction 

2o mixtures at a time, reducing the intnn^ 

The magnesium segregation (preferably also comprising potassium segregation) 
of die first aspect of die invention is an improvenKM the segregation of o 
reagents, such as enzyme, primes As 
the only non-biological, ncro^oriegrariahfe, PCR reagent, the magnesium compound 

25 requires die least stringent (e.g., sterile) formulation and storage. Preferably, the other 
reagents are formulated together and stoed in a manner which respects their 
biodegradabUity and greater chemical fafaffity. Excterionof an essential microbial 
nutrient, such as magnesium or potassium, ftom the biodegradable PGR reagents 
improves their resistance to biodegrad^km during storage. Storage of nucleoside 

30 triphosphates and single-stranded nucleic arid (eg., primers) without magnesium is 
generally observed to improve shelf lift, probably becau« many of the enzymes which 
might degrade them and which often am present as trace contaminants rn reagents and 
on surfaces require magnesium for activity. The concentration dependence of 
magnesium activation of nucleic add polymerases is such that low levels of magnesium 

35 leakage into a mixture of die other PCR reagents should result in negligible side 
reaction, whereas side reaction dcftai^ce on nucleoside triphosphate, primer, and 
enzyme concentrations is appi oxinMa^^ptOportic^ to reagent concentration. 
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The wax embodiment of the second aspect of the invention is a great 
improvement over the mineral oil currently used to minimize solvent evaporation during 
PGR, becanse wax, unlike oil, does not cling to the pipet used to withdraw PGR 
product after amplification and, therefore, does not contaminate post-PCR detection 
5 reactions. According to the current art of PCR* mineral oil often is removed by time- 
consuming extraction with toxic or otherwise hazardous organic solvents. Replacement 
of mineral oil with wax has another advantage quite apart from the function of wax as a 
vapor barrier and as a means of minimiring side reactions; the solid seal formed over 
the reaction mixture after amplification reduces die likelihood of contaminating the 
10 woridng environment with PGR product, thereby reducing the chance of back- 
contaminating subsequent reactions. Highly automated and precise large-scale 
manufacture of wax pellets which are rapidly and accurately dispensed to reaction tubes 
during manufacture or by the user also increases PCR convenience and reliability. 

The second and third aspects of the invention are improvements over the simple 
15 layering embodiment of die first aspect in that they eliminate the need for manual 
dexterity and close attention in setting up a complete reaction mixture. They also 
greatly extend the shelf life of complete reagent formulations, so that those formulations 
can be bulk manufactured and stored If the heating of the first amplification cycle is 
needed to combine all of the PGR reagents into an active mixture, one can mflfmfft gninc 
20 a ready-to-usc reaction tube which contains all reagents and requires only the addition 
of test sample and heating. 

The compositions of the fourth aspect of the invention improve wax function in 
several ways. Surfactants in the wax or grease or underlying aqueous layer reduce the 
depth of die water- wax meniscus, thereby reducing the mass of wax or grease needed 
25 to cover completely the aqueous layer. A hydrophilic composition or coating for the 
inner surface of the reaction tube and the inclusion of surfactant in the wax or grease 
reduce the depth of the wax-air meniscus, there 

of wax or grease. A plastic mesh in the wax or grease reduces the depth of both 
menisci, and thereby the minimal required mass of wax or grease. This mesh also 

30 reduces the likelihood that a micropipet 

amplification will be clogged with wax or grease and tends to prevent the spurting of 
PCR product when the wax or grease layer is penetrated. Plastic particles suspended in 
die wax or grease also reduce the ovcriayer mass, but their major benefit lies in 
imparting a slightly crumbly texture to die wax or grease, also reducing die clogging of 

32 pipet tips and the spurting of PCR product 

There are several advantages to minimizing the mass of an oil, grease, or wax 
layer over the aqueous layer in which PCR amplification occurs. The speed with which 
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the contents of an amplification tube approach targeted temperatures in a tfacnnal cycler 
varies inversely with the total mass of the mbe and contents. Absent the present 
invention, the hydrophobic overlayer often has a mass approaching Oat of die aqueous 
layer. Maximum cycling speed is higfrly desirable in many PCR applications, 
5 especially for clinical diagnostics, and is promoted by minimizing the overlayer mass. 
Thicker layers of wax often resist penetration of pipet tips to withdraw PCR product, 
providing a tight seal around the tip which increases the likelihood that PCR product 
will spurt from the amplification tube. Thicker layers increase the likelihood of 
plugging a pipet tip with grease or wax. 

10 Ease of pipet penetration of a wax or grease layer, such that spurting of PCR 

product is avoided, is highly beneficial because such spurting can generate product- 
containing aerosols which can contaminate the laboratory environment, equipment, and 
reagents with PCR product Because of the extreme sensitivity of PCR, even trace 
contamination can cause false^posttivc results in later amplifications. 

15 Still another, major advantage of the invention is that the invention facilitates 

any manner of modification of POt whaeinreagc^ are added late in ot at the end o^ 
the an^hfk^on to change the nature of the 

amplified nucleic acid, or help to prevent back^xmiaminatiOT rf subsequent 
amplifications. Such modifications include the following: PCR product cleavage, 

20 asymmetric PCR, nested priming, multiplex PCR* PCR product photosterilization, 
PCR product labeling, and the analysis of PCR product Such reagents include the 
following: modified primers, internal primes primers directed at new targets, metal 
ions, chdatore, new enzymes, additional nucleic acid polymerase, modified or unusual 
nucleoside triphosphates, photarcagents, agents which bind specifically to amplified 

25 nucleic acid, nucleic acid probes, agents which capture, precipitate, or agglutinate 
amplified or single-stranded nucleic acid, and agents which help to generate analytical 
signals reporting on the presence of an^Jified nucleic acid In every case, the present 
invention permits such late addition to occur with reduced cottoeni that opening the 
PCR reaction tube might introduce amplified nucleic acid into the laboratory 

30 environment 

To promote understanding of the invention, definitions for die following tarns 
are provided. 

"Magnesium compound" icfc&to a substance containing magn^im in a form 
such that divalent magnesium (Mg+2) ft released into any aqueous solvent of pH 6-9 
35 heated in contact with die substance to a temperature between about 50 m C and KXTC for 
an interval of approximately 0.5 to 5 minutes. 



WO 91/12342 




PCT/US91/01039 



12 

"PCR reaction tabe" refers to any container suitable for holding PCR reagents 
and test sample daring a PCR amplification. In some contexts, the tenn also comprises 
the contents of the container. The defining features of a container suitable far holding 
PCR reagents and test sample daring a PCR amplification me that the, c ontaine r is made 
5 of a material which does not inhibit PCR, that can withstand temperatures in the range 
of about 20*C to 100'C while retaining substantially the same size and shape, and that 
can, together with any liquid contents, be capable of completing 40*C temp erature 
changes in Ac 50- 100'C range in an interval of not marc than about four minutes. 
Preferably, the container also will have a tightly fitting lid, which blocks water vapor or 

10 liquid escape from the container as well as contamination of the reaction with potentially 
nucleic acid-containing aerosols and dust from the laboratory environment PCR 
reaction tubes commonly are molded from polypropylene, have sizes appropriate to 
contain 20-200 ^1 reaction mixtures, and have a tightly fitting cap. PCR reaction tubes 
also comnxraly have shapes whi 

15 blocks used to control reaction temperas 

cyclers. PCR reaction tubes most commonly have the size and shape of 

micnxxaitrifagetote 

half is cylindrical 

"Themial cycler" refers to an automated device fw control 

20 temperature within the limits required for primer annealing, primer extension, and 
product denaturation; these limits normally are about 40*C and about 100 # C. The 
cycler changes the reaction tenqwature in a repealing manner, spending intervals of 
about 02 to 10 minutes at each temperature and requiring up to several minutes to 
move from one temperature to the next. Commonly thermal cyder temperature is under 

25 programmable microprocessor control, so that the user specifies in advance the number 
of cycles, the number of different incubation temperatures in each cycle, the value of 
each temperature, the uKaoatkm interval at each temperature^ 

between temperatures. Thermal cyclers transfer heat into and out of PCR reaction tubes 
by contacting tubes with circulating thermostated air, circulating thermostated liquid, a 

30 thermostated metal block, or radiation from an infrared or microwave source. 

"Plastic" refers to a pdymer containing carbon and some combination of 
hydrogen, oxygen, nitrogen, fluorine, or much more rarely, other elements (such as 
sulfur), wherein the polymer is fabricated into a form (eg., pellet, thread, sheet, rod, 
mesh, bead, or tube), which is water-insoluble and substantially water-impermeable. 

3 5 Far the purpose of the present invention, useful plastics include polyethylene, 
polypropylene, polymethylpentene, polyester, nylon, fluorocarbons, fluorinated 
hydrocarbons, polymethylmethacrylate, and polystyrene. 
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"Plasma etching" and "corona discharge* are processes for modifying surfaces, 
especially plastic surfaces, by subjecting them, in a closed container often at sub- 
atmospheric pressure, to a highly corrosive atmosphere of electrons and atomic or 
molecular ions, pnxluced by dectrical Excitation of the gas. Depending on the gases 
5 present in the atmosphere, different chemical modifications of the surface may result 
For the purpose of the present invettfim, the atmosphere wffl 
vapor, so that an exposed plastic surface becomes substantially oxidized and gains 
increased hydrophiheity. 

"Liquid handling system" refer* to an autom^deviajfOT rapidly and 

10 precisely delivering liquid volumes in the approxim ate range of 1-100 ill, comprising 
some combination of Kquid reservoirs, pumps, tubing, delivery tips or nozzles, 
heaters, movable heads or carriages for positioning the delivery tips in three 
dimensions, and control of time, volume, temperature, and position of delivery. 
"Oil" refers toawater-immisflblc organic-substance, liquid at temperatures 

15 below about 40*C, which has a lower density than water. "Mineral oil", also known as 
liquid petrolatum and paraffin oil, is a colorless, <JpticaIly clear, mixture of Mgh- 
molecular weigjht hydrocarbons wife a density near 0.84 gfaL, widely available 
commercially and commonly used as* vapor barrier over PCRreacti 

"Grease" refers to an organic «#stance, sofid ot semi-solid but very soft at 

20 temperatures below abort 4(TC^^ 

which has a lower density than water: A typical grease is white petrolatum (e.g., 
Vaseline* Petroleum Jelly), a mixture of Mgh-imlecular-weight hydrocarbons. 

"Wax" refers to an organic substance, solid but much harder than greases at 
temperatures below about 40*C which melts at somewhat higher temperatures to form 

25 a liquid which has a lower density tbgfowater. Waxes tend to adhere to solid (e.g., 
plastic) surfaces more weakly than gteftses andoifedo. Typical pure confounds 
which are useful waxes include cacosane (CmHq), ottttoosane (Qafta), cetyl 
palmitate(C32H6402),andpentaeiytto Typical useful 

wax mixtures include p araffin, Paraplast (tradename of Sherwood Medical), Ultraflex 

30 (tradename of Petrofite Corporation), and BeSquare 175 (tradename of Petralite 
Corporation). Waxes can be prepared by mixing pure or mixed waxeswithonc 
another or with greases or oils in any ratios which preserve the relative hardness a^ 
reduced stickiness characteristic of a Wax. ' 

"PGR reagent" refers to any of the following rifateriak which is necessary for 

35 PCR amplification: nucleoside triphosphate (at leasrfbur are needed; for exan^le, 
dATP, dTTP, dCIP, and dOTP if it DNA polymerase is used) , oligonucleotide primer 
(normally at least two are needed, defjkng by sequence complementarity to the two 
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ends of the target sequence to be amplified), a magnesium compound (normally 

MgCb), and a DNA polymerase (normally Thenmm aqnatiens fTaq l polymerase I). 

PGR reagents may include nucleoside triphosphate analogues, such as (DTP and 7- * 

deaza-dGTF. 

5 'Test sample" is any liquid preparation (solution or suspension) which might 

contain nucleic acid targeted by primers included among the PCR reagents, wherein that 
nucleic acid is in a chemical and physical state suitable for PCR amplification. 

A "subset" of PCR reagents is any combination of the above reagents which 
lacks at least one essential reagent and th^cnewm not sustain PCR an^Kficafion^ 
10 "Complementary subsets" of PGR reagents are subsets which, when combined, 

complete the above list and therefore in combination sustain PCR amplification in the 
presence of the target nucleic arid sequence. Complementary reagent subsets are said 
to "complement" one another. 

"Activity ■ in PCR refere to the ability of a subset of PCR reagents to sustain 
15 amplifkatiraofaspccffi^ 

the complementary reagent subsets, and a test saiq>le containing that target and 
subjected to thermal cycling under conditions known to give amplification when all 
PCR reagents, buffer, and test sample are mixed immediatdy before cycling. "Full 
activity" impKes that the qum 
20 amount ever seen under the particular amplification conditions. 

"Specificity" in PCR amplification refers id die generation of a angle, 
"specific,* 1 PCR product with the size and sequence predicted from the sequences of the 
primers and the genomic or transcribed region ofnucWc acid to 
designed to anneal in a base^wnplementary manner. "Nonspecific" PCR product has a 
25 size or sequence different from such prediction PCR r Wget" is that genomic or 
transcribed region of nucleic acid, the ends of which are baseKxra^lemcntary (with 
proper orientation) to a pair of prunersiiKludedinacoaipletesctof PCRreageo^ 
"Proper orientation" is for the two primers to anneal to opposite strands of double- 
stranded target with their 3' ends pointing toward one another, normally with an 
30 intervening region in the approximate size range of 50-10,000 nucleotides. Such 
primers arc said to "target" the genomic or transcribed sequence to the ends of which 
they are base-complementary. 

"Layering" of PCR reagents or test sample or solvent refers to the process of 
delivering liquid formulations of different reagent subsets or test sample or solvent to a 
35 PCR reaction tube in a way which minimiTcs their mixing without interposition of an 
impermeable barrier (eg, of wax or grease) between them. 
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"Vapor barrier" refers to a layer of oil, grease or wax on top of the aqueous 
compartment of a PCR re 

aqueous compartment surface to reduce substantially evaporation of water from that 

compartment during thermal cycling. Vapor hairier coverage is "complete" if, for an 
5 aqueous compartment of approximately 20-200 id, 30 cycles of PGR amplification 

distill no more than about 2 mg of water to die walls and cap of a PCR reaction tube 

above the level of the vapor barrier. 

"liquid barrier" refers to a layer of grease or wax, whfch, at temperatures up to 

at least about 4QTC and not more than abcwit 90*0, suffice to block mixing of aqueous 
10 compartments on either ride of die layer for an interval qf at least appro* fan a t d y 15 

m i nut es. Liquid barrier coverage is "complete" if this 15 minute criterion is met 
'Thermal cycling" in PCR refers to the process of systematically aixl 

repetitively changing die temperance of a PCR reaction mixture in the approximate 

temperature range of 40-1 OO'C to effect alternating denaturation of double-stranded 
15 DNA and primer annealing to single-stranded DNA followed by primer extension. 

"Surfactant" is a substance whfch reduces the interfacial tension between water 

or aqueous solutions and hydrophobic solids or liquids like poly olefin plastics, oils, 

greases, and waxes. Surfactants art composed structurally erf covalently joined 

hydroptrihe and hydrophobic moieties. "Nouionic surfactants" contain no positively or 
2 0 negatively charged moieties. Typical nonionic surfk^ 

families of structural homologies: "Span" (trademark of Adas Chemical Industries: 

^ arid memo-, di- f or tricstOT 

In dust rie s : pdyaxyethylenaetbercoff^^ 

Adas Chemical Industries: pdyoxyethyfcne eta of fatty alcohols); "Myrj" 
25 (trademark of Adas Chemical Industries: poiyoxyethyiene esters of fatty acids); and 

"Triton" (trademark of Rohm and Haas Company; alkylaryl polyoxyethyl ethers). 

Specific nonionic surfactants which ate preferred far the present invention include 

Tween 85 (polyoxyethyl sorbitan trioleate) andTfceen 65 polyoxyethyl sorbitan 

tristearate). These two commercially available surfactants are just examples of a 
30 structural class known as "polyoxyethyl sortritan triacyiates," wherein polyoxyethyl 

chains of various lengths and three fatty acid residues of various sizes and structures 

are covaleady attached to one Sorbitatf moiety. 

For the purpose of the present invention, a Tiydrophilic M surface is one which, 

when on the inner wall of a tube, shows a concave-upward meniscus when water partly 
35 fills die tube. 

1 'Magnesium fatty acylatc salt" refers to a compositions containing a 1:2 molar 
ratio of Mg+2 to the conjugate base of a fatty arid Representative fatty acids include 
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butyric (QHgOz)* caproic (C6H12O2), caprylic (OHi^O^, capric (C10H20O2), and 
lauric (C12H24O2) adds. 

Choosing PCR primer sequences, preparing DNAnxrataining test samples, » 
PCR reagents, and PGR reaction mixtures, designing and running PCR thermal cycles, 
5 and analyzing PGR product quantitatively or quaUtativdyra 

PCR art. A piefened mode for carrying out the first aspect of the invention is to 
combine in the PCR reaction tube a buffer, polymerase, dNTPs, and primers in an 
aqueous solution approximately twice as concentrated as is desired in the final reaction 
mixture and to layer on top of this "pre-mix," in any order, a stock solution of MgCl 2 , 

10 a test sample believed to contain target DN A sequence, and sufficient mineral oil to 
fonn an effective vapor barrier, such that the combined volume of MgQ2 and test 
sample approximates that of pre-mix, and die final MgCfa concentration is 
approximately optimal for amplification of the specific target sequence defined by the 
primers. Although the pre-mix is substantially magnesium-free, the pre-mix may 

15 contain magnesium at a concentration less than abom 1(HM^ 

amplification in advance of adding the much larger amount of magnesium initially 
segregated from the pro-mix. A preferred order of layering is to interpose the test 
sample between die pre-mix and the Mgd^ adding the mineral oil last, as this order 
maximizes die segregation of the complementary reagent subsets. Layering preferably 

20 is performed with aU components at ro 

die walls of the reaction tube slowly, so that minimal mixing of the different 
components poems during a dd it i on . Preferably, reaction tubes are made up in this way 
witfam about 30 minutes tf Also 
preferably, die first step in thermal cycling wffl be the fastest possible 

2g PCR reaction tube from room temperature to 90-KXTC, to ensure rapid and complete 
connective mixing. The stahffity of reagem layers before heating can be increased by 
incorporating in the lowest layer a chemically inert, nonkmic, densifier such as sucrose 
at a concentration between about 1% and 20% by weighL 

The replacement in the PCR reaction tube of mineral oil by grease or preferably 

30 wax leads to the second aspect of the invention,which is a preferred mode of effecting 

the first aspect of the invention. Once a layer of wax or grease seals the top of an p 
aqueous solution of a subset of PCR reagents C 'pre-mix") , an aqueous solution of the 
complementary reagent subset (preferably including a magnesium salt) can be added on t 
top of die wax or grease without any concern that poor manual control wili result in 

35 reagent mixing before thermal cycling begins. Test sample can be added before or after 
the wax or grease hairier is farmed Adding test sanqde afterward usually is more 
convenient, if only because large batches of reaction mbes containing wax- or grease- 
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covered pie-mix can be made up efficiently in advanceand stored far periods of days to 
months, preferably at 0-5*G so that test samples are*a|jj|dcd only as J*CR reactions arc 
needed. In this manufacturing mode, one preferahly adds on lop of the wax or grease 
barrier the reagents) missing ftomtheaqueouslpyfr beneath the bonier after die barrier 
5 has been formed and before storage, so that the us» needs only to add test sample 
immediatel y before thermal eyeing, ff the mantrfartraod tubes contain everything 
except lest sample, the wax or grease banier naW be dmaWc enough to prevent reagent 
transfer across the barrier on the starve time scafaps some wax or grease layers may 
be strong enough to leak negBgihljfa^ but show 

10 si gn i fic a nt leakage on die time scale oPa day or more. One way to test leakage across 
the barrier is to include in the upper aqueous layer a water soluble, wax-insoluble dye 
such as bromphenol blue at a oooccfflytkm of 0.01% to 0.1%, checking visually for 
signs of dye movement into the lower iupieotis layer. 

A preferred mode of Creating the wax or grease barrier is to add to die reaction 

15 tube a solution ctf the reagenttsubset winch is to 

wax or grease scfficlent to loam a vapor barrier andtfaen to incubate the tube, 
preferably closed, for sufficient time at a saffikriflmteo^raumreforthewK 
melt and farm a homogeneous Kquidlftyerabow the aqueous reagent soludon. The 
tube is then returned to room leujpoutiEefor at least enough time for the wax or grease 

20 to solidify. Tbe incubation temperattti*^ 

but preferably will not be more than HFC above the rtfjeking 
abemt 9(TC so that the possibility 

if present in the pre-mix snltitinri, ife n ^yhrii^ , Normally a melting time between 
about 30 seconds and about five mumfefrlsttou^ 

25 about five minutes is preferred for the bmte tolacr^aHi^k^y. Rapid cooling, for 
example in an ice bath, appears to be uaiMrabfe becdose fee 
likely to cover die underlying aqucous^xjmpartnKsu/ : 

Hie mass of wax or grease preferably is minimized, using just enough to ensure 
complete coverage of the aqueous eoialents of the reaction tube afte^ 

30 grease during thennal cycling hasitsafiltedm 

below the barrier layer. Such coverage can be a**ssed by measuring how much water 
is distilled onto the walls and into the*ag> of thtfreaction tube during a PGR 
amplificat io n. For example, after amplification, die tribe can be weighed (preferably on 
an analytical balance accurate to 0.1 n% or less), the water deposited above the vspar 

35 barrier can be removed by gentle inwi)^ 

then rcweighed to determine the water removed For standard PGR reaction volumes 
(20-200 pl) 9 complete coverage resuh|indistillati6n of less than about 2 
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the tabe surfaces above the vapor barrier. In general, the minimal mass of wax or 
grease required for complete coverage (maximal vapor barrio* effectiveness) will vary 
directly with the total aqueous volume because the conical cross-section of typical PCR 
reaction tubes causes the surface area at the air-water interface to increase as the 
5 aqueous volume increases. There are at least two reasons to minimize the mass of wax 
or grease: (1) the time required for thermal equilibration during cycling varies directly 
with total mass of the reaction tube and its contents, and (2) wax or grease in excess of 
the minimum mass needed to serve as an effective vapor barrier complicates the 
recovery of PC^producrt after thermal cycling, tending to clog the tip of the micropipet 

10 used to withdraw PCR product from the tube or (in the case of wax) creating a 
mechanically tough barrier requiring considerable pressure to effect micropipet tip 
penetration. Normally the wax or grease barrier is penetrated for sample withdrawal 
simply by applying light mumml pressure to the top of die barrier (usually at the center, 
where his thinner) by an cxdinarym 

15 micropipet or "sampler." However, a wax barrier also can be breached by freezing and 
thawing a wax-covered aqueous layer. The expansion of the ice fractures the wax so 
that pipets easily penetrate it; a short centrifuge spin in an angle rotor helps to assure 
wax fragmentation. 

Wax is preferred over grease because wax is much less likely to clog or coat 

20 micropipet tips. Being tougher than grease, wax can effectively segregate PCR reagent 
subsets in a thinner layer, and, therefore, with less mass. Many wax compositions are 
effective for the purpose of the present invention, including the following: paraffin 
(55-61'C melting range), dcosane. Paraplasm Ultraflex, octacosane, cetyl pahmtate, 
pentaerythrittd tetrabehenate, and "BeSquare 175" Wax. Mixtures of these waxes in 

25 various proportions, mixtures of these waxes with grease such as white petrolatum, 
and mixtures of these waxes with mineral oil also may be advantageous. Although 
individual wax preparations may prove unsuitable, either because they contain 
substances inhibitory to PCR or because, coming from biological sources, they may 
contain contaminating DNA capable of giving false positive PCR responses, in general 

30 almost any wax melting between about 40* C and about 80*C might serve as both a 

barrier layer for segregating PCR rcactants before thermal cycling and as a vapor barrier 
for mrmmiring water evaporation during thermal cycling. Waxes, greases, or oils 
prepared from petroleum are preferred over materials derived directly from animals or 
plants to rrmrnmr* the chance of contamination with nucleic acid, phosphatases, 

35 nucleases, or proteases. They must have densities less than that of the aqueous 
solutions used in PCR if they are to serve as a vapor barrier during amplification. 
Heavier-than-water waxes and greases (e.g., containing silicon, phosphorus, sulfur, or 
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halogen atoms) also would serve the Sanction of separating PCR reagent subsets until 

the first amplification cycle. AltiK^igh unlikely to wodc as a 

they might beneficially sink to the totem of a reaction 

needed, and in doing so might promote mixing of previously separated aqueous 
5 reagents. However, layering a heavkffvthan-water molten grease or wax over an 

aqueous co mpai im cu t requires coaridgfaMc expertise. 

The simplest way to test the ftrftahility of a wax for the present invention is to 

(1) combine in a 500 polypropylene mkrocentnfage tube approxim ately 15mgof 

the wax and approximately 50^1 of «iaq^ 
10 except a magnesium compound; (2)^ 

a temperature exceeding the wax netting point for a sufficiemirt 

one minute) for ^ wax to mehoon^tetely; (3) remove the tnbe from the water bath to 

cool to nxm temperature; (4) add oati^of the wax approximamly 50^1 of a mixture 

of MgQ 2 and a test sample containing DNA targeted by the primers included in the 
15 PCR reagents; (5) perform a PCR amplification nsmg thermal cycle conditions 

appropriate for the particular co^^ 

die post-PCR reaction mixture ftrihe presence of PCR'product of the predicted length 
containing a predicted intervening (non-primer) sequence by methods well known in 
the field of molecular biology. ThecoMentratkMSof aD PCR reagents and of target 

2 0 DNA should be within ranges already understood m give effective amplification when 
mineral oil usually in the mass range to 40 to ^0mg t is used instead of wax. 

During this testing procedure, seve^ 
optimize the results. Visual cxaminadonof the wax before aiding MgQ 2 and 
DNA and after thermal eyefing hetps to verify that the mass of wax is large enough to 

25 serve the liquid- and vapor-barrier fractions. If the mass of wax used is insufficient to 
cover the aqueous layer completely, fee mass should be increased until coverage of the 
aqueous layer is complete. Gravitaettkrmeasurenra^ 

into the upper regions of the reactiori tnbe (by weighing The tube before and after using 
an absorbent swab to remove the water) also helps to evaluate vapor barrier 

30 effectiveness. Distillation of more than about 2 erf water indicates that increasing 
the mass of wax may help. Probing the hardness and toughness of wax layer with a 
micropipet tip may also indicate whether the wax preparation is useful for PCR; 
preferably the saucier t^ wiU pttiet^ tiie wax witl^ clogging or eau&ing wax to 
stick to its sides, and peaetntfionwffi requTOti Certain 

35 anionic dyes, such as brompheroi^^ 

1 % can be included in die aqueous la($jer above die wax or grease without interfering 
with PCR. Visual inspection of hofr well the dy£ has mixed in the aqueous layer 
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below the wax or grease after the first cycle is effective for testing that the wax or 
grease does not impede mixing. 

These tests enable one skilled in the arts of PCR and molecular biology to 
choose waxes, wax mixtures, and mixtures of waxes with oils and greases which serve 
5 optimally for segregating PCR reagents and for blocking solvent evaporation, and to 
find the optimal mass of wax for a particular combination of aqueous volumes above 
and below the wax barrier. If, in addition, a wax fonnulation and mass are needed to 
confer long-term storage stability to a wax-covered PCR reagent subset, with or 
without the long-term presence of the complementary subset above the wax layer, one 

10 need only perform these tests after different storage intervals between preparation and 
thermal cycling, preferably adding any missing reaction components (including target 
DNA) on top of the wax layer just before thermal cycling. 

Especially pref erred for the second aspect ofthepresem invention is a solution 
in the wax of a surfactant, preferably nomoric, in the concentration range of 

15 approximately 0.1% to 1% by weight, prepared by melting the wax, adding the 
surfactant, stining the mixture for a period of at least about one minute and then 
allowing the matter mixture to stand undisturbed for at least about 10 minutes before 
observing whether any surfactant has formed a separate liquid phase, usually denser 
than the wax. Phase separation shows that die nominal surfeit concentration 

20 exceeded the solubility of surfactant in the wax, suggesting that a lower nominal 

concentration should be used Addition of surfactant generally lowers the mass of wax 
needed to form a complete liquid barrier and a complete vapor barrier, shown by 
titrating die minimum mass of wax needed to obtain cooqdete coverage of an 
underlying aqueous layer, as described above. Preferred surfactants are ones which are 

25 not very water soluble, containing relatively small hydrophilic moieties and relatively 
large hydrophobic groups. Specifically preferred co mm er ci ally available surfactants are 
Twcen85andTween65. Novel polyoxycthyl sortritan triacylate surfactants with 
polyoxyethyl chain length or fatty add structure optimized for PCR vapor hairier 
performance may improve performance in various ways. For example, PCR thermal 

3q cycling of aqueous solvent beneath a surfactant-containing wax layer may result in 
some extraction of surfactant, possibly accompanied by wax, into the aqueous layer. 
This event can be analyzed by measuring the ultraviolet and visible absorbance spectra 
of the aqueous layer, as extracted surfactant forms micellar particles with a 
characteristic light-scattering spectrum. Although extracted surfactant does not 

35 generally interfere with PCR or post-PCR analysis, it may be detrimental in specific 
instances. Shortening die length of the polyoxyethyl chain or increasing the length of 
the fatty acid from what is used in Twccn 65 orTween 85 should reduce surfactant 
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water solubility and extractabiKty durifcg tbcrmai cycling. Use of the second aspect of 
the invention may be improved ahoby incenpe^atkn 

soluble dye such as Oil Red 0 1 Oil Bine N, Solve** Qfeen, Fat Red, and Sudan Orange 
in the ctHicentiation range tf Such dyes do not interfere with 

5 PCR. 

Inclusion in the bottom aqueous layer of 0.1-10% erf a surfactant, also 
preferably nonionic, may serve to improve the second aspect of the invention, again by 
reducing the mass of wax needed for complete coverage of the aqueous layer. 
Preferred surfactants are relatively water soluble ones, such as Tween 20 and Triton X* 

10 100 9 many of which do not appeartoittBrfere with PCR. 

Also especially preferred for t$te second^spectof the invention is the use of 
plastic PCR reaction tubes which have been manufac t ure d or treated 
have a hydrophilic internal surface, Ifrfa embodaiBQtacrvcatP t*Aiw* the tm« nf n^x 
or grease needed for liquid barrier add vapor barrier fimction. Specific processes for 

15 malong such tubes include (a) plasma ctehing or coram 

the open tubes are exposed to an eradfadng atmosphrir*, (b) incubation of the plastic in a 
liquid oxidizing formulation such as Fenton's reagent, (c) inclusion erf a surfactant in 
the molten resin from which the tubes are cast, aoi (d) coafii^ the tubes with a 
surfactant Surfactant coating of nori^ 

20 accomplished by the following steps:*(l) dissolution iof 0.1-10% (by weight) erf the 
surfactant in a nonaqueous solvent sash as 1-propanol, 2-propanoL, or 1-butanol, (2) 
filling of the open tabes with the mb&i^^ 

filled tubes at 20-30*C for an intenridtif betweot about I and 30 minutes, (4) drainage 

oftheroOTbatedtobestoren^ 
25 drained tubes at atmospheric or 

NotaflsurfitfaamsaresQhiMfifo 

as high as 10%; some care should be toed to assure tint coating surfacaant is 

completely dissolved This coating procedure may ^ b^repeated at lea^ about 10 times 

with the same surfactant solution, as it appears not to consume a significant faction of 
30 surfactant of each coating* Prcfieiiedtibnaqueoiis solvents have boiling points between 

about 60*C and 1KTC and dissolve sltfactant to a concentration (rf at least about 1%. 

Preferred surfactants are Tween 65 and Tween 85. Corona discharge and plasma etch 

methods for treating plastics are reviewed in the foJkriwng articles and bods: 

**»... 

Hoffman, 1988. Jonmal of Annlied Pnjvnvr SdepBft; Ap plied Pnlvmer Symposmm 
35 42:251-265: Gombotz and Hoffman. 1987. CliLtL Qrlricfll Reviews m 

BifflaagaMtt 4:1-42; Boemg, lflfa. VtemmScto&eand Tedhnolngy flnmril 
University Press, Ithrica; Oskam, 1984, Bam apaaamg flC MMBfalB Noyes 
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PuUkatkms , Park Ridge, New Jersey. Fenton's reagent is described in the following 
articles: Walling, 1975. Accounts of Chemical Research fr 1 25- m « Graffiti 1984, 
Journal of Biological Oiemistry 259:3fi2Q-3fi24: and Imlny and I ^ 1988. Science 
240:1302-1309. When the second aspect of the invention is performed with 
5 hydrophOic reaction tubes, a preferred mode of supplying such tubes ready for use is to 
deliver to each tube a pellet of wax snfficient in mass to cover completely a specified 
aqueous reaction volume. Then the user needs only add an aqueous solution of a 
subset of PGR reagents, heat the tube several minutes at a temperature 5- 10*C above 
the wax melting point, allow the tube to cool to room temperature or below, add on top 

10 of the newly fanned wax layer a mixture containing die complementary PCR reagent 
subset and test sample, and start PGR amplification, respecting the need to keep the 
total aqueous volume bdow die rating for the mass of wax supplied 

The second aspect of the invention is most effective if, during the first cyde of 
thermal cycling, the reaction tube is heated as rapidly as possible from an initial 

15 temperature of about 0-25*C to a DNA denatmation temperature above 95'C and below 
1 00*C, preferably about 98'C, and is held at that high temperature for an interval 
between about 1 and 2 minutes. This process serves not only to melt the wax or grease 
and to denature die DNA in the test sample, but also to promote vigorous thermal 
convection currents in the newly combined upper and lower aqueous solutions so that 

20 all PCR reagents and the test sample DNA arc completely mixed; incomplete mixture 
can reduce amplification efficiency. Other embodiments which help to ensure complete 
mixture are to include inorganic salts such as KQ in the upper PCR reagent subset and 
to exclude them from the lower, complementary subset, and to include a 1-20% 
concentration of a low molecular weight densifying agent such as sucrose in die upper 

25 aqueous layer. In general, it is useful to render the upper aqueous layer denser than the 
lower one, preferably excluding from both layers organic polymers or inert proteins 
such as gelatin, which tend to increase viscosity and thereby reduce convective 
turbulence. Still another way to promote convective mixing of top and bottom aqueous 
layers after the wax or grease has melted is to tilt the reaction tube at an angle of 

30 between about 10 and 30 degrees from the vertical after the wax or grease has beat 
melted, allowing the barrier layer to solidify at this angle. After cooling, die top of the 
wax should be examined visually to assure that the bottom aqueous layer is conq>l^ely 
covered, as tilting tends to dun the barrier layer. 

The wax or grease layer of the second aspect of the invention can be thinned 

35 further by incorporation into ft 

two additives which also can reduce clogging of sampler tips. The mesh must be cut, 
conveniently with a punch, into disks with a diameter approximately equal to the inner 
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diameter of the reaction tube at the top Of the lower aqueous layer. As the bottom half 
of the custoinarymbe is conical, to 

depend on the volume of the tower aquaous layer. Ttojrimmosinon and pore size of 
the mesh tolerate wide variance. Acceptable plastics indade polyethylene, 
polypropylene, polymefoylpentene, polyesteri nylon, laid various fluorocarbons; the 
pore sire may vary from about 0.001 to about l mm. Mykm is somewhat less 
preferred, because nyton can bad nudofcaddi.aiulfluoiw^rixms arc somewhat les^ 
preferred because of greater density and cost Polyrrtog^kne is n»st pnrferred, 
because it has the lowest density (inost onmpatible with wax, grease, or oil), is highly 
hydrophobic, has a thermal tolerance matching that of the most commonly used PCR 
reaction tube material (also polypropylene), and is fikdy to be the cheapest 
Polymethypentene is also especially preferred becaBsp.of low density, high 
hydrophobicity, and high thennal toteiyoe, but pm 0 al Bfaaa x )& mesh may not be 
rcadity available conmneraally. •. rk ' 

A wide variety of mesh cxjrnpos^ions and opening sires is available from 
Spectrum Medical Industries, Los Angeles. The shape, composition, diameter, and 
porosity of the polymeric particles alspyadmit wide, variance. , Shapes may be irregular 
or spherical (the latter usually described as beads), Compositions can include any of 
the polymers listed above for meshos pj^ two pdynierecOTmiody used to make 
beads: polymethylmethacrylate and ppbystyrenc. Diameter can range from about 10-3 
mm to about 1 mm. l^crdianKtEre (iBbpvB 0.1 mm) are preferred because they arc 
less likely to enter micropipet tips. No*rxm>us parades are preferred becaure they 
offer a much lower surface area to entrap PCR. reagents whkfa come m contact wim me 
wax or grease layer. Pre fe r abl y me particles havea density less than or very close to 
water, so that they are unlikely to drop fi^ uiewaxorgrearefeyerttiioughthe 
aqueous layer when the former melts into an oil. Examples of commercially available 
polymeric particles suitable for the present invention iachide polypropylene granule, 
0.5 mm maximum size* from Goodfeltow (Marvcrnv PA); chrornatographte grade 
polypropylene and polyethylene spherical particles of diameter between about 0.01 mm 
and 0.15 mm from Polysdences, Inei (Warrington, PA); Bio-Beads SM polystyrene- 
divmylbenreneimd acrylic ester adsori^ 

CA); Amberiite XAD polystyrene and any he ester adsorbents, 20-610 mesh, from 
Rohm and Haas (Philadelphia; PA); ^Usric or gfess-coated plastic BioSphercs, 0.1 to 
0.2 mm diameter, from Whatman BinSysfems, Inc. (CKfton, NJ); Rapid Cell P plastic 
or glass-coated plastic beads, 0.15-OJfc* mm diameter, from ICN Biomedicals, Inc. 
(Cleveland, OH); and Polybead poh/aa j | ene microspheres and polyniethylmethacrylate 
beads from Polysciences, Inc. 
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Some of these polymeric particles, especially those made of polystyrene or 
polymethylmethacrylate, will swell when contacted with low-molecular- weight solvents 
such as water and alcohols. Preferably, they are swollen at room temperature in a 
relatively water-insoluble organic solvent such as a liquid aliphatic hydrocarbon (pure 
5 or a mixture, such as petroleum ether or ligroin) so that they will not tend to absorb 
water at the interfaces between the Some of 

them may be supplied as aqueous slurries, already swollen in water, in which case 
preferably they arc dehydrate 
solvents like ethanol, acetone, and a liquid alipha 

10 The concentration (in mass percent) of polymeric particles in die grease or wax 

permits considerable variability and can be optimized for any of several 
properties of the particle- wax/grease mixture. For example, various mass ratios of 
particle to wax or grease can be tested to find the one which provides complete vapor 
barrier protection to a fixed volume of the underlying aqueous layer with the least mass 

15 of overlayer. On the other hand, various mass ratios can be tested to find the range 
which imparts maximum or minimum resistance to penetration by a micropipet tip or 
m axi mn m stability during long-term storage (for example, maximum resistance to 
magnesium penetration from an upper aqueous layer into a lower aqueous layer 
separated by a sohdified mixture tf polymeric particles and wax or grease). 

20 Wax or grease terriers containing polymeric particles and especially disks of 

plastic mesh may benefit from solidification with the PCR reaction tubes tilted 10-30 
degrees from the vertical, to promote mutual displacement of the harrier and an aqneons 
layer above it when the wax or grease in the farmer melts. 

There are two major embodiments of the third aspect of the invention; (a) 

25 aqueous emulsion of a subset of PGR reagents in a wax or grease barrier covering an 
aqueous solution of a different reagent subset and (b) solution in the barrier of a PCR 
reagent subset The melting of the bemerwhfch accompanies themi^ 
the emulsion, releasing the aqueous phase containing PCR reagents into the underlying 
aqueous layer, where thermal convection nrixesafl PCR reagents together with the test 

3 o sample, preferably added as an aqueous solution above the barrier layer before cycling 
is started. Alternatively, dissolved PCR reagents in the barrier layer are extracted and 
mixed into the underlying aqueous layer, as the barrier layer melts and becomes less 
viscous and as thermal convection currents arc established in both the underiyin g 
aqueous layer and Ae barrier layer. Far these embodiments, it is especially preferred to 

35 minimize the mass of the barrier layer by any of the modes described above, singly or 
in combination: polymeric particles or mesh or surfactant in the barrier, hydrophilic 
inner surface of the reaction tube, or surfactant in the aqueous layer. Minimizing the 
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hairier mass, and, therefore, thickness, accetaatea *e ag nffihg itiim of n> aqueous and 
barrier layers and favors partitioning of any barrier-dissolved PCR reagents into the 
aqueous layer. 

Water-in-grease or water-in-wax emulsions are made by methods well known 
5 in the field of material science, basically by high-speed mfadng of appropriate volumes 
of an aqueous phase (in this case containing a subset of PCR reagents) and a melted 
grease or wax at a temperature above the grease or wax melting point, followed by 
rapid coohng of the homogeneous emulsion before it has a chance to phase-separate. 
Incorporation of a surfactant into either phase or both helps to stabilize the emulsion. 

10 Any of a large array of surfactants, preferably nomonic, are effective to this end, 

provided that they do not inhibit PCR and arc used to concentrations stabilizing water- 
in-oil rather than oil-in- water emulsions. The art of forming emulsions is reviewed in 
the following volumes: Beoker, ^Emnlaons: TbataaDA^asUss, 2nd Edition, 
Reinhold, New York; Sherman, 1968, Emnlskwi £cjcnce. Academic Press, New York; 

15 and Lissant, 1974 (Parts I and IT) and 1984 (Part HP. Brnnlsicms and F.n™ioin n 
Technnlngy Marcel Dekkcr, New York. 

Ahhongh practically any combination of PCR reagents is suitable for 
incorporation into a water-wax or water-grease emulsion, one reagent, a magnesium 
compound, is most preferred for dissolution in the wax or grease in the absence of 

20 emulsification. That is because salts of magnesium ion and the conjugate bases of 
relatively short-chain fatty acids, such as butyrate, caproate, caprylate, caprate, and 
lanrate, have the dual rnxiperties of bemg acceptably soluble in oils to the level of 1-50 
mM and of being mnch more soluble fe he* water than m cold. In this manner, the 
magnesium fatty acid salt can be dissoh/ed in a molten wax or grease, layered on top of 

25 an aqaeous phase and fairly rapidly co<^ On att interval of abom one nm 

is trapped in the hardened wax or grease before it is extracted into the warm water, and 
yet will be efficiently extracted when the multi-layered mixture is heated to 95-98'C for 
a period of one to two minutes at the start of thermal cycling. To mimmire extraction 
into the aqueous layer during casting of the barrier, it is preferred to use a wax or 

30 grease with the lowest p ra c t ical meltin g point, preferably in the range of about 40-50'G 
Examples of such waxes include eicosane (nxp. 36-S&Q, low-melting paraffin (m.p. 
56-6TQ, and mixtures of these two waxes or of eicosane with other, higher-melting, 
waxes. Ohgonudeotide primers and dNTPs also can be rendered wax-soluble if 
transformed into their tnnlkylaunuunluui (eg., triethy ia rr m x nnum ) salts. This reaction 

35 can be performed by passing the nucleotide, commonly available as its so 

down a chromatographic column contacting a cation exchange resin, such as Dowex 
50, which has been equilibrated with a trialkylarnine. 
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As the magnesium-fatty acyiate salts in the C4-C12 size range are not generally 
available commercially, they mast be synthesized, preferably by heating the fatty acid to 
a temperature in the approximate range of 60-80*C and adding one mole of magnesium * 
oxide for every two moles of fatty acid, stirring for a sufficient period to assure 
5 complete dissolution (reaction) of the magnesium oxide. After cooling to room ? 
temperature, the magnesium fatty acyiate salt can be stored over a desiccant such as 
MgS0 4 OTP2O5 to remove all of the water produced in die reaction which is not 
evaporated during heating. 

In one mode of realizing the third aspect of die invention, die PCR reagent 

10 subsets in die grease or wax and in the underlying aqueous phase arc complementary, 
so that an additional aqueous PCR reagent formulation need not be prepared for 
placement above the grease or wax* In another mode, three PCR reagent subsets are 
required for complementation: one in the grease or wax and two aqueous formulations, 
one above and one below the grease or wax. The latter mode is especially effective in 

15 preventing all PCR reagents from coming together in a single aqueous phase prior to 
the first cycle of a PCR amplification. 

There are many ways to aliquot the wax or grease of the present invention into 
the PCR reaction tubes, whether or not the wax or grease contains surfactant, 
polymeric particles, a magnesium fatty acyiate salt, or an emulsified aqueous solution 

20 of a subset of PCR reagents. The solid wax or grease can be weighed into separate 
tubes; the small masses involved, generally below 30 mg, require use of a balance with 
a precision of 1 mg or better, preferably 0.1 mg. However, a much faster and 
sufficiently precise method is to melt the wax or grease and deliver it volumetrically 
with a positive-displacement micropipet adjusted to deliver die minimnm mass giving 

25 an effective vapor barrier. Preferably, the micropipet will have a glass tip, as plastic 
tips tend to capture wax or grease in a way which reduces precision. An example of a 
suitable variable-volume glass-tipped positive-displacement micropipet is the 
Micrc/Pettor® manufactured by SML If the wax or grease is delivered to a solid 
surface at room temperature or below, it will solidify as a roughly hemispherical bead 

30 winch is easily separated from the surface and delivered to a PCR reaction tube (e.g., 
with forceps). The colder the surface, the easier it is to separate the wax or grease bead 
from it A convenient receptacle is a disposable weighing boat, available from many 
scientific supply companies. Once the wax or grease pellet and the appropriate volume 
of an aqueous solution of a subset of PCR reagents has been delivered to a PCR tube, 

35 the tube sho u ld be capped, heated to a temperature sufficient to melt the wax or grease 
for a period of about one minute, and cooled at room temperature to seal the wax or 
grease barrier over the aqueous layer. 
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Plastic mknipipet tips can be rendered more suitable far aliquoting wax if they 
have been rendered hydropWUc as dijqeibed above for PCR reaction tubes, e.g., by 
corona discharge or surfactant, coating. ; Then plastic- tipped air-displacement samplers 
are adequately precise for wax defray! The precision of wax delra 
tipped air-displacememsairnjlere 
above its melting range. Preferred fiai^aatonn^ 

mjcroprocessor-contmTfed mO^^m ^ f j^ caxKO t m wn plf r lftn* the ProPcttc"' 
laboratory robot, supplied by PtiMnFinMrt^iiistruments. Automated or 
semianfiomated rapid andprerisc tnaiiyfo> i ii iy. rX many, thousands of wax be a d s at a 
tra can te effected Dyd^foerin^ 
above its melting poittbyajwwim^ 

under regulation by an Accnra 1 regtdater for I wasbha Engineering Incorporated), 
collecting wax beads on a rotating <±iUcd dram finom wMch they are scraped into a tray 
after hardening. For example, the drum can simply he a 2-3 Htcr glass bottle, 100-300 
mm in diameter, filled with ice, rotating at about 1-3 rpm on a culture bottle roller 
(Wheaton Instruments Inc.). 

Although the previous description has emphasized the creation of wax or grease 
barriers to enable the segregation of complementary PGR reagent subsets prior to 
thermal cycling, it must be reab^ thai wax is such an improves 
oil vapor barrier commonly nscd in PGR that the modes of prepaiiug and op timising & 
wax barrier described above may serve weUmPCRreactiom where there is no desire 
to segregate reactants before thermal cycling. Then the wax, all PGR reagents, and the 
test sample may simply be mixed togeAp- ma reaction tube, prefexabryw 
minutes of starting thermal cycling. As soon as the wax melts during the first cycle, the 
wax wffl form a vapor barrier to bkx± When the reaction mixture 

cools at the end of thermal cy*ling, fcwfflform 
unwanted PCR product dispersal, a barrier which can easily be penetrated 
micropipet for PCR product withdrawaL Furthermore, the art of forming and using 
wax or grease vapor barriers in containers with hvdropirilic inner surfaces, or with 
inclusion of nonionic surfactant in the wax or grease, is disclosed herein in a manner 
enabling adaptation to non-PCR contexts, which benefh from 
listed herein. The major adjustment iaW the mass of wax or grease to cover completely 
the exposed surface of the aqueous conttpsrtn wait jp the pi r fei lt d cuntpmtr , 

Many of the advantages of the present inventio n can be achieved simply by 
packaging subsets ofPCRitagents^bmrettcontahrers* In a preferred embexfiment, 
tnis aspect of the inveimon 

primers, a nucleic acid polymerase (preferably laa polymerase), and one or more 
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deoxyribonucieoside triphosphates (preferably dATP, dGTP, dCIP, and cTTTP) in a 
suitable buffer, and (b) a tube that contains MgCb (preferably in solution). The kit can 
also comprise instructions for caoying out the PCR process with the lot co^^ 
In particular, the instructions will describe how to mix the contents of tubes (a) and (b) 
5 with a test sample. In the most preferred embodiment, such a kit comprises (a) one 
tube that contains 50 |ol of solution composed of 1.15 nricromoles of Tris-HQ, pH 8.3; 
5 nricromoles of KQ; 17.25 picomoles of each primer, 21.6 nanomoles of each of the 
four deoxyribonucieoside triphosphates; and 2.875 units of laa polymerase (FECI); 
and (b) one tube of 8.05 mMMgCfe Typical instructions for this kit would tell the 

10 user first to layer 50 nl of the MgCb solution onto the top of the solution in tube (a) , 
then to add two drops of mineral oil, thai to add the sample DNA in a volume of 2 to 
40 pi on top of the MgCb layer, and to place the sample in a FECI Thermal Cycler as 
soon as possible (under 30 minutes). 

In yei another embodiment of Ac imrntkm, a gd or other matrix containing one 

15 essential PCR reagent, Le^ laa polymerase, is layered onto the other components of 
the PGR mixture (except sample), and the gel or matrix is composed such that, upon 
sample addition and heating, the gel or matrix melts and so reconstitutes a complete 
PCR mixture. In one embodiment, the gel is agarose containing Jau polymerase. 

Although this disclosure has focused on improvement of PCR performance, die 

20 invention is applicable to other modes of enzymatic replication of nucleic acids, such as 
the transcription-based amplification system (Kwoh fit al» 1989, Eeq& NatL Acfli 2a. 
USA ££1874), amplification systems based on nucleic acid hgase (Wu and Wallace, 
1989.fifiOBiiifia4£6t>t andBaningerflal, 1990,fiSDC gg:117), and amplificatio n 
systems based on ribonuclcase H cleavage of a DNA-RN A-DNA probe annealed to a 

22 nucleic acid target Characteristic features of an in vitro nucleic add amplification or 
detection system which would experience improved specificity through application of 
the invention are the following: 

(a) a nucleic arid primer or probe, usually an cdigonucleotide, must be 
annealed to a target nucleic acid sequence; 

30 (b) the nw yimnm, or "stringent", temperature for such annealing must lie 

above ambient temperature (approximately 20-3CTC); 

(c) a catalyst, usually an enzyme, must art on the annealed nucleic acid 
complex; 

(d) the catalyst must be active at the stringent aimealing temperature; and 
35 (e) the catalyst must retain significant 

most convenient temperature for mixing reactants. 
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Under these conditions, a nndc^ 
vulnerable to the generation of sideptoducts when the primer or probe anneals to non- 
target sequences under permissive temperature and solvent cooditicHis or when the 
signal-dependent catalyst operates even in the absence of target sequence; and the 
5 present invention reduces such side reactions by allowing rcactant segregation before 
reaction and reactant mixing when the temperature has risen to stringent level s. In this 
case, one needs to formulate the wax or grease so that h does not melt at least until 
approximately stringent conditions have been reached. More generally, however, 
aspects of tins invention may benefit any aqueous reaction where a vapor barrier is 
10 needed to nrinimiresolvem or otiierrca 

advantages to vapor barrier solidity at tower temperatures and fluidity at higher 
temperatures. 

From the above description and the following examples, one of ordinary skill in 
die art can appreciate the many diverae aspects of the presem invention as enamqias^ 
15 by the following claims. 

Effect of Meci* Smaeaaon ™ pcr Reagaii stability 

Two mixtures ( n pre-mix£s R ) of FCR reagents were prepared in deionized water 
and stored frozen at -20"C in 50 jil ahquots in 500 ^1 Eppendorf microfuge tubes. 

20 Premix A contained 0X155 cnzvme unit/^ of Ttennus gpntiens (Tog) DNA 

polymerase I doncd and expressed in B. coH (AmpKTaqg from Rcrkin Elmer Otm 
Instruments); 0 .1 1 mM of each of the irar conmnndNTFs (sodium salts finm 
Pharmacia); 033 \OA of eadi of two PCR primers designed to amplify a 239 or 242 
nucleotide sequence of the HLADQa gene (Saiki flak 1989. Proc. NatL AcarL Sci. 

25 USA £6:6230-6234); 22mMTrisO,pHS3;andll0mM KCL Premix B contained 
the same components as Premix A but also contained 8 .05 mM MgCfe. 

At various times over a five-day interval, four tubes containing each of the 
premixes woe thawed and placed hi an airtight screw-capped plastic container at room 
temperature. At the end of tins intetwfl, the tubes were treated in the following manner: 

30 (a) 50 Ml of deionized water were adfod to each tube containing Remix B; (b) 50 pi of 
8.05 mM MgCfe were added to eadh fabe containing Premix A; (c) two drops of 
mineral oil (Sigma Chemical Co.) were added to each tube; and (d) 0.3 or 1.0 ng of 
purified human genomic DNA from the human cdl Kite WT31 in 10^1 of drionized 
water was added to each tube. 

35 The tubes were capped and ingnpdiatcJyplac^inaPeridnElmerC^ 

Instruments Thermal Cycler p rogr amm ed to run 32 cycles of the following sequence: 
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Under these conditi on s, a oneiric acid n^Kiato 
vulnerable to the generation of sideproducts when the primer or probe anneals to non- 
target sequences under permissive temperature and solvent conditions or when the 
signal-dependent catalyst operates even in the absence of taiget sequence; and the 
5 present invention reduces such side reactions by allowing reactant segregation before 
reaction and reactam mixing when the temperamre has risen to stringent levels. In this 
case, one needs to formulate the wax or grease so that it does not melt at least until 
approxim ately stringent conditions have been reached. More generally, however, 
aspects of this invention may benefit any aqueous reaction where a vapor barrier is 
10 needed to minimise solvent or other reagent evaporation and where there are functional 
advantages to vapor barrier solicfity at tower temperatures and fluidity at higher 
temperatures. 

Fran the above description and die following examples, one of ordinary skill in 
the art can appreciate the many diverse aspects of the present invention as encompassed 
15 by the following claims. 

iRxflfflplft 1 

Effect of MeCfr SfimaOflD on PCR BgagfflM Stomp* SmhiHty 
Two mixtures Cpre-mfaces") of PCR reagents were prepared in deionized water 
and stored frozen at -20*C in SO pi ahquots in 500 pJ Eppcndorf microfuge tubes. 

20 Prenrix A contained 0.055 enzyme umt/pX of Thcmms aqnatiens (Taq> DNA 
polymerase I doned and expressed in & adi (AnplfEaqeiramF^ 
Instruments); 0.11 mM of each of the four common dNTPs (sodium salts from 
Pharmacia); 033 jiM of each of two PCR primers designed to amplify a 239 or 242 
nucleotide sequence of the HLADQa gene (Sailriflak 1989. Proc. NatL AcarL Sci. 

25 USA £6:6230-6234); 22 mM Tris 0, pH 8.3; and 1 10 mM KCL Prenrix B contained 
the same components as Prenrix A but also contained 8.05 mMMgCfe. 

At various times over a five-day interval, four tubes containing each of the 
premixes were thawed and placed in an airtight screw-capped plastic container at room 
temperature. At the end of this interval, the tubes were treated in the following manner: 

30 (a) 50 pi of deionized water were adtted to each tube containing Prenrix B; (b) 50 ill of 
8.05 mM MgGfe were added to eadta fbbe containing Premix A; (c) two drops of 
mineral oil (Sigma Chemical Co.) were added to each tube; and (d) 0.3 or 1 .0 ng of 
purified human genomic DNA from the human cell line WT5 1 in 10 jil of deionized 
water was added to each tube. 

35 The tubes were capped and immediately placed inaPerkmEhnerCetus 

Instruments Thermal Cycler programmed to run 32 cycles of the following sequence : 
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showed complete storage stability for 2 months at 45'C PrcmixB failed to produce 
detectable amplified specific PCR product after several days at room temperature. 

Exam ple 2 

Effect of Completeness of MgCfr SsgGgatig] «i PCR Specificity 
5 All PCR reactioas used Premix A as defined in Example 1. and the reaction 

nrixturcs were adjusted to 8.05 mM MgCfc shortly before amplification. The tubes 
containing pre-mix were stored frcoen until shortly before use. The test sample 
consisted of 0 .1 ng/pi purified DNA from the RS-2 ccDBnc; 10 pj of test sample and 
50 uJ of MgCh were added to each reaction tube befbrecarefunykyermg50plof 
10 mineral oil on top. Six reaction tabes were set np under each of three conditions: (a) 
the pre-mix was cooled to 0*C in an ice bucket; 50 ul of Mgd 2 was carefully layered 
on top; 10 ul of DNA was carefully layered on top of the Mgds (b) layering was done 
as in (a), but the pre-mix was at 30*Q and (c) the DNA was layered on top of the pre- 
mix at 30'C, followed by the MgCfe. 
15 Immediately after set-up, all tubes were transferred to a Perkin Elmer Cems 

Instruments Thermal Cycler and subjected to the following program: 1 minute at 98'C, 
30 seconds at «TQ and 30 seconds at 72*C rw 2 cycles; 1 minute at 94*C 30 seconds 
at 60*C and 30 seconds at 72*C for 35 cycles; and a final 10 minutes at 72'C Agarose 
gel electrophoresis and ethidium staining were essentially as described in Example 1. 

AH reaction tubes showed the expect^ 
but layering cxmdition (a) gave less product than cemditioo (b) which gave less product 
man condition (c). Layering condition (a) gave more primer dimer than condition (b), 
which gave more primer dimer than condition (c). Most significandy, layering 
conditions (a) and (b) gave a second nonspecific pr^ 

specific product in mnWrdnr weight, which was completely absent with layering 
condition (c). Similar expo uuents in which no DNA was added showed none of die 
second nonspecific product, suggesting that it results from misprinting of human 
genomic DNA rather than from primer bhgomerization. As this misprinting reaction 
must occur before DNA denaturatioo during the first PCR cycle, its existence implies 
that tiie human genomic DNA of tire test sample must be sigrtificantly single-stranded 
When the electrophoretic mobitity of tins nonspecific product was compared to those of 
fragments from a HaeJH digest of $X174 RF DNA (siie standards from Bethesda 
Research Laboratories), the nonspecific productwas seen to be approximately 91 base 
pairs in size. Primer dimer was ap pr ox im ately 68 base pairs in size. 
35 This exrxriment confirmed the value of segregating magnesium from the 

complementary PCR reagent subset until the actual start of PCR thermal cycling. 
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Intapoatkm of even just a 10 ^1 layer of PCR-reagent-firee test sample between the two 
reagent subsets served to reduce primer dfrner formation and prevent a n^ 
dependent amplification of nonspecific product Surprisingly, layering at O'C gave 
more primer dimer than layering at room temperature. Taq DNA polymerase I appears 
5 to catalyze primer dimcr formation even atOTL 

Bangflg-3 

Effect of afireascOTWaxVapOTBamg 
PCR reagent Prcmix A and stock 8.05 mMMgCh were prepared as described 
inExairpIeL The human genomic DNA used as a test sample was purified from the 

10 cell line HI^60 and formulated in water at a concentration of 03 ng/jil. To PCR 

reaction tubes containing 50 nl of Remix A woe added 40 mg masses of the following 
waxes or grease: Paraplast (Moooject Industries), 58-60"C melting paraffin (Aldrich 
Chemical Co.). octacosane (Aldrich Chemical Co.), Vaseline* Petroleum Jelly 
(Cheeseborough Ponds), Pentaerythritol tetrabehenate (Lipo Chemicals), and BeSquare 

15 175 (Calwax Corporation). Several otter reaction tubes containing SOjilPremixA 
received 75 nl of light mineral oil (Sigma Chemical Ca). All tubes were capped and 
incubated in an 85 # C water bath for 90-120 seconds (until the wax melted into a layer 
over the prcmix), then cooled to room temperature. 

On top of each wax, grease, or oil layer was added a mixture cemtaining 50 |il 

20 of 8.05 mM MgCb and 10 jil of 0.3 ngfld purified human genomic DNA. The mixture 
added on top of oil instandy penetrated the All tubes were 

transferred to a Peririn Elmer Cetus Instruments Thermal Cycler already heated to 90*C 
After 90 seconds at 90"C 35 cycles were executed according to the foUo^ 
30 seconds at 95 m C 30 seconds at 55 # C, 30 seconds at 72 - C with a final 7 minute 

25 extension at 72"G Thermal rang* between tenq)eratures proceeded as iqridly as 
possible. 

PCR product was analyzed by ethidium-stained agarose gel electrophoresis 
essentially as described in Example 1. All of the reactions with the wax and oil vapor 
barriers listed above gave the specific 240-base pair PCR product Paraplast, 

30 octacosane, and pentaerythritol tetrabehenate 

yield to mineral oiL Various waxes gave primer dimer in yields ranging from none to 
heavy, whereas mineral oil gave a small amount of primer dimer. Preliminary 
experiments of the same design with certain other waxes, such as eicosane (Aldrich 
Chemical Co.), tricosane (Aldrich Chemical Co.), tetracosane (Aldrich Chemical Co.), 

35 and carnauba wax (Calwax Corporation) gave no PCR prodnct. However, later 
experiments showed that performance of wax layers in die mass range of 40-50 mg 
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was erratic; sometimes the MgGfe andDNAmixtorewculdeasflyM through the 
mdtcd wax and mix wcU with the prcafo Therefore, single 

successful or unsuccessful reactions with 

reliable amplification nor uniform Hnsfritabflity . For example, later experiments 
5 showed that eicosane worked as well as Paraplast and paraffin, which gave yields of 
both specific product and prinwdinw comparator 
barrier. Cetyipalmitatc(ServaBiocb^ 
served as liquid bamers yielding 

amounts of primer dimer. Mineral ofl was mixed with paraffin and with Paraplast at 
10 concentrations up to 25% (by mass) to give liquid barriers wtechgaw specific 

amplificaticm as good as mineral ofla^ These 
mixtures gave no higher PCR specificity cr yield than the waxes al^ 
somewhat softer and easier to penetrate with sampler tips used to withdraw the PCR 
product for electiophoretic analysis. - 

15 Rnm^plft4 , 

Mhrimizinfr flg Mass of a W« VmorBfttrger 
In Example 3 andielated experirrients, a 40 mg mass of wax was layered over 
50plofItemkA;anda60|dmixtQrb 

was so that the final aqueous volume under the w^ was 110 jll. Although these 
2o quantities led to complete cxwen^tytoe wax fi 

complete coverage by the wax vapor barrier during and after thermal cycling, the 
resulting wax kycr was so thick that 

inconvenient and required close control Hie pressure on die micropipet needed to 
break through the wax often led to sodden penetration and spurting of PCR reaction 

25 mixture (mcfc^ 

co ntaminatin g the laboratory cnvittMWgnt with PCR product winch could back- 
contaminate later amplifications. 

Experiments to test the minimum mass of paraffin covering completely 100 pi 
of water showed that between 30 and 35 tng of wk were needed for con^lete coverage 

30 as a liquid barrier, although vapor barrier efiectivopess (reduction of water evaporation) 
appeared to be complete between 25 and 30 mg. The PCR reaction tube was a standard 
tmcoatedSOO^lmkaoccntri^ These experiments did 

not require thermal cycling, but only visual examination of wax layers under low 
m ag nifi cation to detect holes, followed fay heating of the closed tubes to 99*C far 1 0 

35 minutes before measuring the mass of w?tter condensed on die walls and in the cap of 
the tube. The structure! requiremmtfor so much Wax derived from the fact that the 
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wax, like mineral oil, farmed a concave-downward meniscus with the aqueous 
compartment below it and a concave-upward meniscus with the air above it at the time 
that the layer was fanned* Therefore, to get complete coverage at the center of the tube, 
a much thicker layer was needed at the wall of the tube. The focus of efforts to render 
5 the wax layer thin enough to be practical rested cm compositions which reduced the 
depth of the menisci, creating a more uniform distribution of wax across the top of the 
aqueous compartment, in the thinnest layer giving complete coverage. Paraffin was die 
wax used in all of these efforts. Although other waxes must show the same 
semiquantitative behavior as paraffin, their quantitative requirements might differ 
10 somewhat 

Inclusion in the paraffin of 1 % BrQ 52 (dicthyleneglycol monocetyl ether, Serva 
Fine Biochemical*), Brij 30 (triethyieneglycai monolauryl ether, Serva Fine 
Biochenricals), or polyoxyethyiene-9-lauryl ether (Sigma Chemical Co.) reduced the 
minimal wax mass for complete coverage from between 30 and 35 mg to between 20 

15 and 25 mg, but micropipet tip penetration was still difficult Inclusion in the wax of 
200-400 mesh poly styraie-divinylbenzene beads (BioBcads SM-X8, BioRad 
Laboratories) at mass percent of 10 or 20 reduced the nmnimum effective mass of wax 
to between 25 and 30 mg. Mare beneficially, micropipet tip penetration was effortless, 
and the wax broke away without clogging the sampler tip. Bead concentrations of 5%, 

2 0 30% , and 40% did not give complete coverage at 30 mg of wax- Although 10%, 20%, 
or 40% (by mass) of Vaseline* Petroleum Jdly in paraffin was not tested for effect on 
the minimal mass of wax needed for complete coverage, at 40 mg of these mixtures 
(somewhat above the probable minimum), micropipet tip penetration was easy because 
the wax was somewhat softened. However, the wax tended to clog some sampler tips. 

25 Inclusion in a mat IQmgof paraffin of a 3 mm diameter circle of polypropylene 
monofilament mesh (Propyltex 1 * silk screening fabric; Tetko Corporation) weighing 
approximately 0.5 mg gave complete coverage of 50 ill of water in an uncoated 
polypropylene microcentrifuge tube. Repeat erf this experiment with 7 mg of wax did 
not quite give complete coverage. Although a somewhat larger mass of wax would be 

30 needed to cover the 100 nl of water used in the previous tests, that amount would not 
nearly approach the 30-35 mg needed in the absence of mesh or surfactant 

To test the effect of coating PGR reaction tubes with surfactant, 500 ^ 
microcentrifuge tubes were incubated for 30 minutes at room temperature containing 
5% solutions in 1-propanolof each one of she surfactants: polyoxyethylene-9-lauryl 

35 ether. Span 40 (sortritan monopalmitate; Sigma Chemical Co.), Brij 30, Tween 85 
(polyoxyethylenc sorbitan trioleate; Sigma Chemical Co.)* Span 80 (sortritan 
monooleate; Sigma Qiemical Co.), and Brij 52. After drainage of the surfactant 
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solutions from the tubes, the tabes woe air-dried Various masses of paraffin (7.5, 
11.3, 15, and 18.8 mg) were layered ontopof50|ilof0.06M KC3 in H^) in each 
tube. After the wax layers had haniencd and were examined visually for holes under 
low magnification, they were covered with 50 pi of a(U% solution of methylene blue 
5 inH 2 0. After the tubes were capped and stored for 3J days at nxxntemperatme, they 
were examined visually for signs of dye leakage from the upper aqueous layer into the 
lower one. Then they were immersed for two minutes in a 95-97'C water bath, 
aHcwed to aiMwl to room tempera^ 

wax covering the 100 \il of combined aqueous layers. During heating, they woe 

10 observed for the timing and completeness of dye penetration of the melted wax and 
mixing with the lower aqueous layer. 

Although two surfactants (Tween* 85 and Span 80) gave greatly inqsroved 
performance over a control tube which was uncoatedy particularly in providing 
complete coverage of 50 pi of aqueous solution with only 15 mg erf wax (no holes and 

15 no dye leakage after 3.5 days), only Tween 85 gave complete coverage of 100 pi. Two 
other surfactants (polyoxyethylcnc-9-laniyl ether and Bqj 30) gave partial improvement 
over uncoated tubes; no holes were seen in wax covering 50 pi, arid dye penetration 
before heating did not occur immediately, but required several days of incubation. In 
this test, Span 80 was judged questionable on a different ground; it was the only 

2o coating which appeared to impede penetration and mixing of the upper aqueous layer 
upon heating to 95-97'C Therefore, Tween 85 provided special benefit in comparison 
to the other surfactants tested or to no Coating, greatly reducing the mass of paraffin 
needed for complete coverage of 100 pi tf water fiom between 30 and 35 mg to 
approximately 15 mg. Furthermore, the 15 mglaytr of wax covering an 100 pi 

25 aqueous com pa rtme n t was very ea^y penetrated ly a micropipet tip. However, it is 
expected that other surfactants not yet tested wiU ineet or surpass this perfonnamx, ^ 
those tested represent only a small fraction of the hundreds available co mm e rc ially 

In a further test of Tween 85-coated reaction tubes, 7^ mg, 11.3 mg, and 15 
mg paraffin layers containing 0%, 0.34% , and 12% of Tween 85 were used in an 

30 experiment just hire the surfecto Has time the mass of 

water distilled onto die upper walls and cap of die tubes during 10 minutes at 99'C was 
measured This last criterion showed a marked benefit fiom either Tween 85 
compilation m the wax (Twcot 85 ato Surfactant also helped to 

achieve complete coverage of 50 pi of aqueous solution with only 7.5 mg of wax, but 

35 did not allow complete coverage of 100 pi with cither 11.3 mgor7.5mg. 

Still further tests of Tween 85, using a similar experimental design, showed that 
1 % Tween 85 in 56-6 VC melting paraffin worked a pproxim ately equally well in 
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Tween 85-coated and uncoated tubes. However, this test did not include storage for 
several days or actual FCR amplification. 

Both conditions gave better coverage than the use 
without Tween 85 in the wax, and much better coverage than the use of untreated tubes 
5 without Tween 85 in the wax. Aocordingtothcdual criteria of easy micropipet 
penetration and complete coverage (no holes in the wax and minimal evaporation of 
water from reaction mixture during thermal cycling), the following wax masses were 
found to be preferred far the associated underlying water volumes when paraffin 
contained 1% Tween 85:8 mg with 25^1 water, 12 mg with 50 pi, 16 mg with 75 
10 18 mg with 100 pi, 22 mg with 150 pi, and 26 mg with 200 pi. These masses are 
several mg higher than the minimum effective masses, but help to assure that all tubes 
will perioral well, as there is certain to be some randomness in both die mass of wax 
delivered and the resulting performance. 

15 Effect of Improved Wax on FCR Amplification 

Tween 85 was dissolved in 1-propanol to a concentration of 1% by mass. 
Approxima tely 0 J ml aliquots of this Tween 85-propanol solution were added to 500 
pi microcentrifuge tubes and incubated at room temperature for about 30 minutes before 
draining the tubes with a glass Pasteur pipet The tubes were dried under vacuum (22 

20 indies Hg) at room temperature for 30 minutes. Tween 85 was dissolved at 70-90 # C in 
56-61'C melting paraffin (Aldrich Chemical Co.) to a concentration of 1%. Fourteen 
mg aliquots erf 1 % Tween 8 5 in paraffin were delivered with an S MI MicrcVPettar from 
70-90'C melted wax onto a polyethylene weighing boat sitting on ice. The individual 
14 mg pellets of hardened wax were delivered individually to separate Tween 85 coated 

25 reaction tabes. Rfty^l aliquots of Prcmix A (Example 1) were added to the wax- 
containing tubes, which were incubated approximately 2 minutes at 70-80"C and 
allowed to air-cool to room temperature. AH wax layers were finee of holes. On top of 
them were added 60 |il of mixture of 6.71 mM MgCfe and enough purified human 
genomic DNA to contain 30 genomic copies (0.1 ng). 

30 These completed reaction tubes were subjected to the following amplification 

program in a Perkin Elmer Oetus Instruments Thermal Cycler two cycles of 1 minute 
at 98*C V 30 seconds at 60'C, and 30 seconds at 72*Q 35 cycles of 1 minute at 94*C 
30 seconds at 60 # C and 30 seconds at 72'C, followed by a 10 minute incubation at 
72*G AH thermal ramps between temperatures were perforated as rapidly as possible. 

35 Ethidium-stained gel electrophoresis was performed essentially as in Example 1. 
Sixteen replicate reactions were run as just described Another six tubes contained 
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mineral oil instead of wax; in them the 60 ftl ofDNA and MgQ 2 mixed immediately 
witothe50ulofPreimxAupc»a&lm^ One more control tube used 

wax with no added DNA and one used oil with no added DNA. Gel electrophoresis 
showed tliat fifteen of tlte sixteen wax-o^were 
5 240 base-pair specific PCRpraiu^ Three of 

the fifteen showed significantly less of the specific pioctoct than did die crtfacrs. All six 




the successful wax-covered amplifications, but they ajwshw 

Pritned nonspecific product describe 
10 nsed. Omission of test sample DNA resulted ma nonnalyi^ 

detectable 240 base-pair or 91 base-pair product Wait gave somewhat larger primer 

dimer than did on, and somewhat higher yields of prfanerdnner than did oil. 

This experiment snowed acceptably rcprodncibtePCK anmhficatkmwhen 14 

mg of paraffin containing 1% Tween85 replaces 100 pi (approximately 80 mg) of 
15 mineraloil and serves to segregate S^ a irnd test satnpte from m^ 

reagents until the first amplrficarroqcftfle. This amplification was significandy more 

sensitive than those in Examples 1-3, which started with at least 100 genomic copies of 

HLADQocDNA. 

Similar experiments in which the mass of wax was doubled from 14 to 28 mg 
20 showed mix* reduced yields of specific product aqd almost normal yields of primer 
dimer. Smiilar experiments (with 14ingef wax) m which 
premix before wax layering and only IrfgC^ was pla^ 
somewhat higher and more refroducibte yields 

primer dimer probably because the test sample spent more time at high temperature 
25 during the first one or two cycles. Similar experiment* jn which' me 60 ul of test 

sample and MgCfe were placed below the wax and the 50 pj of pretna were placed 

above also appeared to give higher and more re p ttx lu ufuie specific product yields and 

reduced primer dimer yialds. These iireactions«h» gav^ 

variable priinertfiiierpatte^ These 
30 variations on the normal way of using Tween^-oohtammg wax to segregate MgC^ 

and test sample from the other PCR rragentsmTwra 80 coatirf tubes suggest that 

additkmal improvements r^^ 

lowering tto wax mehitnj iksv ro m 

thennalcycle is started. These changes and other simple ones, such as prolonging the 
35 dmationofmeftna-cyc^ 

used to improve first-cycle DNA dnm^iBtuian andmereby increase yield. 
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InihcClmirc 

1. A PCR reaction tube cooqxising a container and an aqueous mixture 
compri ring all PCR reagents except a magnesium compound, wherein the total 
magnesium concentration in said mixture is less than about 10-*M- 

5 2. The reaction tube of Claim 1 also comprising an aqueous suspension or 

solution of a magnesium compound, wherein said magnesium-containing suspension 
or solution is present as a separate layer substantially unmixed with the aqueous 
mixture of PCR reagents complementary to magnesium. 

3* The reaction tube of Claim 2 also comprising a test sample containing 
1Q nucleic acid* 

4. The reaction tube of Claim 2, wherein the two layers containing, 
separately, die magnerium compound and the PCR reagents complementary to 
magnesium, are separated by a thiid aqueous layer containing no PCR reagents, 
wherein all three layers are substantially tmmixed with one another. 

15 5. The reaction tube of Claim 2, wherein the two layers differ in density by at 

least about 0.2 g/ml, and the lower layer i s the denser of the two . 

6. The reaction tube of Claim 4, wherein the three layers differ in density 
from one another by at least about O^gAnl, the lowest layer is the most dense, and the 
top layer is the least dense. 

20 7. A PCR reaction tube comprising a container, a first aqueous mixture 

comprising a subset of PCR reagents, a second aqueous mixture comprising the subset 
of PCR reagents complementary to that in die first aqueous mixture, and a layer erf 
grease en- wax which completely separates die two aqueous mixtures. 

8. The reaction tube of Claim 7, also comprising a test sample containing 
25 nucleic acid, wherein said test sample is mixed with one of the two subsets of PCR 
reagents. 



9. The reaction tube of Claim 7 , wherein one of the two subsets of PGR 
reagents is a magnesium compound. 
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10. The reaction tube of Oaim 7^ wb^ 
petrolatum. 



11. The reaction tube of Claim 7, wherein said wax comprises a substance 
taken from the group consisting of paiaffin, eicosane, octacosane ? cetyl palmitate, 

5 pentaerythritol tetrabehenate, Paraplasm* Ultraflex 111 , and BeSquare 175™. 

12. The reaction tube of Claim 7, wherein said grease or wax is combined with 
an oil, wherein the resulting mixture possesses substantially the hardness of the grease 
or wax. 

13. The reaction tube of Claim 7 V wherein said grease or wax is combined with 
10 a nonionic surfactant, wherein the concentration of surfactant in the grease or wax is in 

the approximate range of 0.1% to l%l>ymass. 

14. Hie reaction tube erf Claim 7, wherein said container consists of aplastic, 
wherein the inner surface of said container is hydrophilic. 

15. The reaction tube of Claim 7, wherein said grease or wax is combined with 
15 plastic mesh, wherein said mesh has openings with a maximum lineal dimension in the 

range of approximately 0.01 to 1 mm. 

16. The reaction tube of Oatai7 t wherein a line perpendicular to the wax or 
grease layer lies at angle displaced ai)0W ten to thirty degrees fitomt^ 

reaction tube is placed in a thermal cycler. 

20 17. The reaction tube of Claim 7, wherein one or both aqueous mixtures also 

comprise a nonionic surfactant 

18. The reaction tube of Claim 12, wherein said oQ is liquid petrolatum. 

19. The reaction tube of Claim 1 3, wherein said surfactant is taken from the 
group consisting of Twcen 65 and Tween 85. 



25 20. The reaction tube of Claim 14, wherein said inner surface has been 

rendered hydrophilic by coating with a nonionic surfactant 
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21. The reaction tube of Claim 14, whereto 
rendered hydrophiKc by plasma etching or corona discharge. 



22. The reaction tube of Claim 1 4 , wherein said plastic comprises 
polypropylene. 

5 23. The reaction tube of Claim 1 5 , wherein said plastic comprises 

polypropylene, polyethylene, polymethypentene, polyester, nylon, or a fluorocarbon. 

24. The reaction tube of Claim 20, wherein said surfactant is taken ftom the 
group consisting of Tween 65 and Tween 85. 

25. The reaction tube of Claim 20, wherein said coating was performed by 
10 contacting said surface with a solution of said surfactant at a concentration between 

about 0.1% and about 10% by mass in a solvent, substantially free of water, 
comprising methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, or 2-botanoL 



26. The reaction tube of Claim 20, wherein said grease pr wax is combined 
with plastic particles, wherein said particles have a density between about 0.6 g/ml and 
15 about 1.1 g/ml and a maximum lineal dimension in the range of approximately 0.01 to 1 
mm. 



27. The reaction tube of Qaim 26, wherein saMpartides comprise 
polypropylene, polyethylene, polymeth jdpentene, polymethylmethacrylate, or 
polystyrene. 

28. A PGR reaction tube comprising a container, an aqueous mixture of PCR 
reagents, and an amount of grease or wax sufficient in mass to separate completely the 
aqueous mixture from the atmosphere above it 



29. The reaction tube erf Claim 28, wherein said container is plastic and 
wherein the inner surface of said container is hydrophilic. 
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30. The reaction tnbeofChrim 28, wherein the grease or wax axnprises an 
emulsion with an aqueous solution or suspension** a, subset of PCR reagents, and 
wherein the aqueous mixture below die grease or wax layer comprises a different 



31. The reaction tube of Claim 28, wheitras|idgiease<r wax comprises a 
solution m wax or gteare of a salt^ontaiin^ 

fatty add and wherein the aqueous mixture below the grease or wax layer comprises a 
subset of PCR reagents different f mn^niagn^hmi , 

32. The reaction tube of Oaiid 28, whereto saW grease « 
solution in grease or wax of a tertiary alkyl ammoohim saUofaimcJeo^ 

and wherein the aqueous mixture below the grease orwax layer comprises a subset of 
PCR reagents different from any nucleoside triphosphate incorporated in the grease or 
wax. • . r. ; . ;/ 

33. Tiiereactiontulietfaaim 

solution in grease or wax of a tertiary alkyl ammommnsaUof mctfgpn^ 
wherein the aqueous mixture below n»greare or wax layer comprises a siibsetrf 
reagents dif&iem from any cJigon^ 

34. The reaction tubeofOaim28, wherem said gn^cr wax also comprises 
anon-ionic surfactant 

35. The reaction tube of Oasm 28, wherem said aqueous mixture also 
comprises a test sample. 

* ' » * 

36. The reaction tube of Claim 29, wherein said inner sinface has been 
rendered hydrophilic by ooatmg-whbanon-ninfc 

37. The reaction tube of Oaffii 29, wherem said surface has been rendered 
hydrophilic by plasma et cmn g. ku. 

38. The reaction tube of data 29, wherein said plastic consists of 
polypropylene. 
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49. An aqueous mixture comprismgPCR 

sobsdmddly full acttviQr in PGR for a 1^ of least about a week when stared 
^^^totbcatincisphere^ 

50. A^^actiontubeconiprisiugWa 

PCRreagems, test sample. andPCRpoduct, <3) a liquid hairier of wax or grease 
^lctdy covering said aqueous mixture, and (4) a second aqueous mixture above 

SL Theieacd^tubeofOatoSawheremsaidre^^ 
**-R product is an isopsorelcn. 

^if* ^ i rc ^ tateof ^51,wi«e m saidscc^ 
a chelator <^le of biiiding to Mg^- 



15 



ae strand of said PCR product 
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